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THE METAL-AMMINES. 


jccts of supreme importance to the student of Inorganic C 
and are accordingly included in the Introduction. 

Hydrogen and the ammonium salts are dealt with in Vc 
along with the Elements of Group I. The position of the rj 
metals in the Periodic Classification has for many j^ears been 
of diflicult}^ They have all been included in Volume IV, ale 
the Elements of Group III, as this was found to be the most 
place for them. 

Many alloys and compounds have an equal claim to be C( 
in two or more volumes of this series, but this would entail uni 
duplication. For example, alloys of copper and tin might 
with in Volumes II and V respectively. Similarly, eertaii 
salts — such, for example, as ferrous ammonium sulphate — mi 
logically be included in Volume II under ammonium, and in Vc 
under iron. As a general rule this difficulty has been over 
treating complex substances, containing two or more metals 
in that volume dealing with the metal or base which belong 
highest group of the Periodic Table. For example, the alloys ( 
and tin are detailed in Volume V along with tin, since coppe 
earJier, namely, in Volume II. Similarly, ferrous ammonium 
is discussed in Volume IX under iron, and not under amme 
Volume 11. The ferro-cyanides are likewise dealt with in Vol 

But even with this arrangement it has not always been foi 
to adopt a perfectly logical line of treatment. For example 
chromates and permanganates the chromium and manganese 
as part of the acid radicles and are analogous to sulphur and 
in sulphates and perchlorates ; so that they should be treate 
volume dealing with the metal acting as base, namely, in the 
potassium permanganate, under potassium in Volume II. 
alkali permanganates possess such close analogies with one 
that separate treatment of these salts hardly seems desirable 
are therefore considered in Volume VIII. 

Numerous other little irregularities of a like nature occur, 
hoped that, by means of carefully compiled indexes and freque 
referencing in the texts of the separate volumes, the stud 
experience no difficulty in finding the information he requires. 

Particular care has been taken with the sections dealing 
atomic weights of the elements in question. The figures giver 
necessarily those to be found in the original memoirs, but lu 
recalculated, except where otherwise stated, using the 1 
fundamental values : 


Hydrogen 

Sodium 

Potassium^ 

Silver 

Carbon 

Nitrogen 


= 1 * 00762 , 

= 22 * 996 . 

= 30 * 100 . 

= 107 * 880 . 

= 12 * 003 . 

=- 14 * 008 . 


Oxygen 

Sulphur 

Fluorine 

Chlorine 

Bromine 

Iodine 


= 16 * 000 . 
= 32 * 065 . 
= 19 * 015 . 

35 * 457 . 
- 79 * 916 . 
126 * 920 . 


By adopting this method it is easy to compare directly the r 
earlier investigators with those of more recent date, and mo] 
renders the data for the different elements strictly comparable 1 
out the whole series. 

Our aim has not been to make the volumes absolutely exl 
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as this would render them unnecessarily bulky and expensive ; rather 
has it been to contribute concise and suggestive accounts of the various 
topics, and to append numerous references to the leading works and 
memoirs dealing with the same. Every effort has been made to render 
these references accurate and reliable, and it is hoped that they will 
prove a useful feature of the series. The more important abbreviations, 
which are substantially the same as those adopted by the Chemical 
Society, are detailed in the subjoined lists, pp. xv-xvii. 

The addition of the Table of Dates of Issue of Journals (pp. xix-xxvi) 
will, it is hoped, enhance the value of this series. It is believed that 
the list is perfectly correct, as all the figures have been checked against 
the volumes on the shelves of the library of the Chemical Society by 
Mr F. W. Clifford and his staff. To these gentlemen the Editor and 
the Authors desire to express their deep indebtedness. 

In order that the series shall attain the maximum utility, it is 
necessary to arrange for a certain amount of uniformity throughout, 
and this involves the suppression of the personality of the individual 
author to a corresponding extent for the sake of the common welfare. 
It is at once my duty and my pleasure to express my sincere appre- 
ciation of the kind and ready manner in which the authors have ac- 
commodated themselves to this task, which, without their hearty 
co-operation, could never have been successful. Finally, I wish to 
acknowledge the unfailing courtesy of the publishers, Messrs. Charles 
Griffin and Co., who have done everything in their power to render the 
work straightforward and easy. 

J. NEWTON FRIEND. 

January 1928. 



PREFACE. 


In compiling this volume, The Metal-Ammines, an endeavour has been 
made to collect the main points relating to this large class of substances. 
The ammino- derivatives of chromic and cobaltic salts are well known 
and are included in most text-books on inorganic chemistry, whilst those 
of the other metals are barely touched upon. The ammines are treated 
in the order in which the metals occur in the periodic system, thus 
keeping this volume in line with the others of the series. 

I desire to express my thanks to Dr J. Newton Friend, the editor 
of the series, for the great help he has given me, and also to Dr Duff, 
who lias kindly read the proofs of the volume. 

M. M. J. SUTHERLAND. 

January 1928. 
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CHAPTER I. 

INTRODUCTORY. 

The symbols employed in chemical formulae to-day are, with a few 
alterations and additions, those used by Berzelius. The formuhc of 
simple compounds were represented by writing the symbols of the 
elements contained in the compound side by side, and this simple 
rc])resentation served for some time. The formulae used, however, did 
not denote the proportion of the atoms of one kind to that of another 
kind, and numerals were therefore introduced to denote the number of 
each kind of atoms in the molecule. This arose naturally when it was 
found that more than one compound might contain the same elements, 
and that the different properties of the compounds were due to the 
])roportion of tlie elements 2)rcsent in the moiecule ,* as, for example, 
the two com])ounds of carbon and oxygen, carbon monoxide and carbon 
dioxide. 

These formuhc are in use at the present day and serve to represent 
molecules of simple inorganic compounds. They denote the number 
of atoms of each element in the molecule, and, by the help of atomic 
weights, also the relative weights of each element in the molecular weight 
of the com])oimd. So long as the inorganic compounds were simple 
this nomenclature ])roved useful and sullicient. Difficulties have arisen, 
however, in later years owing to the study and isolation of many so- 
called complex compounds. Now a system is useful so long as that 
system may be extended to embrace all possible cases, and the present 
system of fornuihc for inorganic substances breaks down when these 
complex compounds arc considered. For example, sodium chloride 
sliows in solution the reactions of sodium ions, but when such compounds 
as potassium ferrocyanidc or hexammino-cobaltic chloride are dealt 
with it is not |)ossible to write simple formuhc which express their 
properties ; for potassium ferrocyanide when dissolved in water does 
not show iron ions in solution, neither does a solution of hexammino- 
cobaltic chloride show all the reactions of the cobalt ions. The possi- 
bility of the existence of compound radicles was early recognised, and 
the initial difficulties of representing more complex substances were 
overcome by giving a group of elements a separate entity as it were, 
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and a valency of its own. The oxy-acids afford simple examples of this 
sulphuric acid contains the elements hydrogen, sulphur, and oxygen, am 
is represented as HgSO^. Such a compound ought to have in soliitioi 
hydrogen ions, sulphur ions, and oxygen ions ; but on examinatioi 
these are not found, and the explanation is given that sulphuric acid ii 
solution breaks up into hydrogen ions and a compound ion, (SO4). Thi 
way out of the difficulty was accepted and the present formula base< 
on it. 

With the development of organic chemistry and the discovery 0 
many substances containing the same elements in the same proportion 
there arose fresh difficulty. The mere empirical formulae here affordei 
no clue to the properties of the compound, and structural formulae wer 
therefore introduced with a view to representing the arrangement of th 
elements in the molecule. In inorganic chemistry this was not at firs 
necessary, but with the advance of modern chemistry and the examine 
tion of compounds such as the metal -ammines, the ferrocyanides, th 
chlorplatinates, it has become necessary to extend the scope of chemica 
formulae. The theory of fixed valency for the elements has beei 
gradually abandoned, but certain conventions regarding valency ar^ 
still observed, and these more complex compounds seem almost lik 
exceptions to the usual conception of valency of the atoms. Compound 
are spoken of as either simple or complex, the name complex being give] 
to any compound built up of two or more different molecules, whic] 
does not show the individual reactions of the metallic or non-metalli 
ions contained in it when it is dissolved in a suitable solvent. Abegj 
and Bodlander ^ gave the following definition of complex compounds 
“ Complex compounds are those in which a part of the compound, whic] 
forms an ion by electrolytic dissociation, consists of a molecular com 
pound of a molecule capable of forming a separate ion with an electricalh 
neutral molecule. By the term complex ion we understand this molecula 
compound when it has taken up its natural electric charge.” No shar] 
line, however, can be drawn between simple and complex compounds. 

In the case of salts the terms simple salt,” “ double salt,” an< 
“ complex salt ” are employed ; again the distinction is not definite 
double salts and complex salts merging one into the other. Generali; 
speaking, if a salt becomes decomposed in solution into simple ions sue] 
as sodium ions and chlorine ions from sodium chloride, it is termed i 
simple salt. A double salt, on the other hand, has a crystalline forn 
different from the component salts, and in this respect, as also in certaii 
other physical properties, it is quite distinct from a mixture of th^ 
component salts. But it, also, is decomposed in solution into simpL 
ions, and behaves then as a mixture of the simple salts of which it i 
composed. Complex salts are not decomposed in solution into meta 
ions and non-metal ions, and both metal and non-metal may be presen 
in the complex salt in solution without showing the reactions of thei 
ions. Peculiarities of this kind have led to much research on the natiir- 
of these compounds and the introduction of theories such as the co 
ordination theory and the various electronic theories of valency. Th^ 
representation of complex substances by formula; is still far from satis 
factory des^pite the immense amount of work which has been publishe( 
on the subject. Many graphic formulae have been suggested, but mos 
of these lit only one series of compounds. The next chapter gives a ver; 

^ See Jaques, Comflex Ions (Longmans, 1914), p. 3. 
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brief summary of the development of the tlieory of valeney from tlie 
elicmieal point of view. 

Tnor^^anie ehemistry lias widened eonsiderahly in recent years, and it 
liecomes more and more evident that methods of reprc‘senta,tion of tlu‘ 
type used in organic chemistry must be eniployc^d. Physieo-chemieal 
nieasurements liave served in many Avays to tc^st the a,eeura(*y of for- 
muhe, and the introduction from time to time of nc‘W theories of vtileney 
and adinity of the atoms lias led to tlie elucidation of the Ixdaviour of 
certain complexes where the elements in the c*omplex appcair to react 
in a manner (juite eontrary to that of the same elements in their simpler 
compounds. It should be possilile, however, to ado])t some convenient 
method to show graphically the union of the constituents of the complex. 



CHAPTER II. 


VALENCY. 

Following on the dualistic theory of Berzelius came the theory of 
valency or combining capacity of the atoms, and around this latter 
theory arose the controversy between a variable and a fixed valency. 
Frankland regarded valency as probably variable, whilst Kekule, on the 
other hand, regarded valency as a fixed and definite property of the 
element, basing his assumptions on the apjoarently invariable valency 
of carbon throughout a large number of compounds. The recognition 
of a fixed valency for carbon has been of inestimable value in building 
up structural formulae for organic compounds, and naturally this in- 
variable valency of carbon led to the extension of the theory to all 
the elements. The theory fitted many of the simpler compounds, but 
difficulties soon arose, as some elements appeared to display two different 
valency values. Such a compound as ferrous chloride had to be rej^re- 
sented with two iron atoms in the molecule, and was given the formula 

CL XI 

FcgCL, and a structural formula \Fe— Fe<; , in order to preserve the 

CK \Ci 

tri valency of iron. Other compounds, however, were discovered where 
such an arrangement was not possible, and these were given what were 
called molecular formulce. These formulae made no attempt to fit the 
compounds into the scheme of fixed valency, but represented them as 
made up of molecules loosely held together in a manner unexplained by 
valency ; for example, phosphorus pentachloride was represented as 
PCI3.CI2, and ammonium sulphate as 2NII3.H2SO4, for these compounds 
reverted to simple compounds on heating. Later investigations proved 
the difficulty of retaining the theory of constant valency, for although 
phosphorus pentachloride might be given the molecular formula PCI 3. Cl 2, 
phosphorus pentafluoride is not dissociated on heating, and therefore must 
be given the formula PF5, thus showing phosphorus as pentavalent. 
Also, ferrous chloride when in solution was j^roved in molecular weight 
determinations by ebullioscopic methods, using pyridine as solvent, to 
contain only one atom of iron in the molecule, and hence should have 
the formula FeClg. It became evident, therefore, that the theory of 
valency required extension by assuming that certain elements have 
more than one valency, the exception being carbon, which was generally 
regarded as tetravalent. It has been shown by examination of' the 
compounds of ah element that the valency appears to depend on certain 
factors ; for example, the nature of the other elements in the compound 
influences the valency, and certain external conditions, notably tem- 
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valency towards hydrogen and sodium, but it can also apparently evert 
a valency of seven in the oxide, Cl^O, ; sulphur is divalent when com- 
bined with hyQrogeiij tetravalent in sulphur dioxide, and hexavalent 
in sulphur trioxide. If sulphur trioxide be heated to high temperature, 
however, sulphur appears to revert to tetravalency and the compound 
loses oxygen. Hence the valency of an element must be regarded as 
capable of variation, though probably fixed in any special case. Thus, 
in hydrogen sulphide, sulphur is divalent, and the atom appears unable 
to exert any other bonds with respect to hydrogen. The theory of 
valency depends on this principle, and becomes relatively useless if it 
departs from it. .In simple compounds the theory meets most cases, 
and formuhe were built upon the assumptions outlined above ; but 
when more complex substances are considei’ed, the so-called compounds 
of higher order referred to by Werner, the theory does not suffice. It 
cannot explain the union of two or more molecules in which all the 
valencies of the constituents are already satisfied ; it cannot explain, 
•for example, the fact that cobaltous sulphate is able to unite with 
potassium sulphate, forming the double sulphate, C0SO.4.K2SO4.6H2O ; 
or that cobaltic chloride can unite with six molecules of ammonia with 
formation of the complex salt hexammino- cobaltic chloride, Co(NH3)6Cl3 ; 
or that silver cyanide dissolves in an aqueous solution of potassium 
cyanide, yielding the double cyanide, KAg(CN)2. These addition com- 
})ounds must be looked upon as exceptions to the general idea of valency. 
The union of oxides and water, such as sulphur trioxide and water, is 
usually explained in the valency theory by assuming a readjustment of 
tlic existing valency bonds. Thus oxygen in sulphur trioxide on combin- 
iiig with water becomes singly linked to sulphur, and hydrogen satisfies 
the otiier oxygen valency. The reaction is therefore represented as : 

.0 /OH 

0 -=S< +HOH — ^ 0 =S ^0 

\ 0 H. 

Sucli an explanation serves for some of the oxides but cannot be made 
sufficiently general to cover all cases ; it does not fully explain the 
hydration of the oxides themselves, because, as Werner ^ points out, if 
water is added to the oxides by the formation of hydroxyl groups, sulphur 
trioxide, which, contains three doubly linked oxygen atoms, should be 
capable of adding three molecules of water, whereas it adds on only one. 
Phosphorus j)entoxide contains, according to fixed valency theory, four 
doubly linked oxygen atoms and unites with only three molecules of 
water', whilst chlorine heptoxide contains six doubly linked oxygen 
atoms and adds on only one molecule of water. Further, oxides such as 
osmium tetroxidc, OsO^, and ruthenium tetroxide, RUO4, cannot unite 
witli water to form acids. In the cases mentioned the water uniting 
with tlic oxide to form an acid is independent of the double linking of 
the oxygen atoms, and only four oxygen atoms seem capable of being 
held in* coml)ination in the acid. Sulphur trioxide, SO3, therefore yields 
sul|)huric acid, TI2SO4 ; phosphorus pentoxide, P2O5, ^delds ortlio- 
ph(>si)horic acid, II3PO4 ; and chlorine heptoxide, CI2O7, yields per- 
chloric acid, IICIO4. Osmium and ruthenium tetroxides do not yield 
acids ill this way. The addition of water to oxides with formation of 

New Ideas on Inorganic Chemistry, A. Werner. Translated by E. P. Hedley (Long- 
mans, 1911), p. 25. 
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acid thus seems connected with the number of oxygen atoms in the 
molecule and not with the double linking of the oxygen atoms. 

In many cases it is only by forcing an explanation for the particular 
case that the valency theory can be adhered to, but the formulae obtained 
in such circumstances do not indicate the behaviour of the substance 
chemically. These difficulties in correlating the compounds of higher 
order with the older valency theory rendered it necessary either to extend 
the conception of valency still further or to adopt some other theory. 

Kolbe gave each element a maximum valency beyond which com- 
bination was impossible, but which might not be completely exerted 
in the compounds of the element. Erlenmeyer and Mendeleefi adopted 
a somewhat similar view, and assumed that the higher oxygen compounds, 
with the exception of the peroxides, showed the maximum valency of 
the elements. 

Blomstrand, ^ in 1869, pointed out that elements which are highly 
electropositive or electronegative have the lowest valency capacity. 
Van ’t Hoff,2 in 1881, suggested that variable valency might be caused 
by change in the external form of the atom, and Hinrichsen ^ assumed 
a connection between the energy content of the atom and its degree 
of affinity. Abegg ^ assumed that the maximum valency of every 
element is eight, but he distinguished two kinds of valency, normal or 
positive valency and contra or negative valency. He further suggested 
that before combination these valencies are of equal strength, and that 
when combination takes place between the elements the saturation 
of one valency of an element weakens the others, the amount of 
weakening depending on the nature .of the element or group with which 
it has combined. For example, chlorine shows unit valency towards 
hydrogen and a maximum positive valency of seven towards oxygen. 
The strength of the two kinds of valency depends upon the chemical 
nature of the element itself. Alkali metals being too highly electro- 
positive to manifest negative valency, show unit valency. Fluorine 
is too higlily electronegative to manifest positive valency, hence it 
forms no compound with oxygen. These latent valencies may become 
active under certain conditions, and this may account for molecular 
and addition compounds - 

Modern theories of valency are electrochemical in character, are 
concerned with the nature of the atom, and assume union between 
elements to take place by exchange or sharing of electrons, although 
theories of how this exchange or sharing takes place differ considerably. 

In seeking for an explanation of the fact that certain molecules 
which were saturated, according to old valency theory, still possessed 
the power to combine with other molecules, Alfred Werner,^ in 1891, 
introduced his co-ordination theory which, altered and added to as 
it has been developed, he used to explain the existence of complex 
salts, and especially the large class of compounds known as the metal- 
aramines. It does not take into account the internal structure of the 
atoms linked together, but is concerned with the combining capacity 

^ Bloinstrand, Ghemie, der Jetztzeit, 1869, pp. 217, 243. 

“ Van ’t HoH‘, Ansichten 'iiber die organische Chemie, 1881. 

^ Hinriclisen, Ueber den gegenivdrtigen Stand der Valenzlehre (Stuttgart, 1902). 

Abegg and Bodlander, Zeitsch. anorg. Chem.y 1899, 20 , 453 ; Abegg, ibid., 1904, 39 , 

330 . 

^ Werner, Beitrdge zur Theorie der Affinitdt und Valenz, 1891. 
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of the elements. The theory is known as the co-ordination theory of 
valency, and has been of great value in dealing with the structure of 
the complex salts. 

Werner assumed that each element possesses two kinds of valency, 
which he termed principal and auxiliary respectively. When, there- 
fore, an element is saturated with respect to its principal valency, as, 
for example, cobalt in cobaltic chloride, C0CI3, it still possesses a certain 
auxiliary valency which it may or may not exert. It is this auxiliary 
valency coming into force which gives cobaltic chloride the power to 
unite with six molecules of ammonia, yielding the complex ammine, 
Co(NH3)gCl3. Werner in his original statements distinguished between 
these two kinds of valency, and assumed that principal and auxiliary 
valencies were possessed of a different energy content ; but in his later 
investigations he had to abandon this assumption and conclude that 
there was no great fundamental difference between them. When 
auxiliary valency is exerted it may serve either to increase the stability 
of the molecule or to weaken it. According to the co-ordination theory, 
atoms or groups linked to an element by auxiliary valencies are in- 
capable of ionisation in solution, whilst those linked by principal 
valencies may be dissociated. Also, uxiits of valency cannot be con- 
sidered as individual forces, for the unit varies with the nature of the 
atoms it joins together and with the variable amount of affinity possessed 
by these atoms. Thus, if the total affinity of an atom A in a compound 
AB is saturated by A becoming linked to other atoms or groups, A has 
less affinity left over than previously for the bond between A and B. 
Hence B will have some residual affinity, and if this reaches a certain 
value it will become able to exert auxiliary valency — ^that is, it will 
become capable of forming molecular or addition compounds. This 
addition will be more possible when the limiting number of principal 
valencies has been reaclied, for it is then probable that the last valency 
bond will be weaker than the others, and hence the atom bound by 
it will have sufficient residual affinity to form addition compounds. 
Werner also sought to explain the two kinds of valency from an electronic 
point of view. He assumed that when principal valencies are saturated 
two changes take place, one chemical and one electronic. When atoms 
unite, therefore, by principal valency, that is, when an ionisable group 
or atom is formed, a passage of electrons takes place from the electro- 
positive to the electronegative element. When atoms unite by auxiliary 
valency no excliange of electrons takes place and no ionisable group or 
atom is formed. Additive compounds are formed by assuming that 
the molecules are united by these auxiliary valencies. Thus, the oxides 
which unite with water to form acids do so, according to valency theory, 
by readjustment of the oxygen bonds, whilst, according to Werner’s 
theory, no adjustment takes plaee, but the residual affinity on the groiq) 
brings about auxiliary valency between that group and another group 
or atom. For example, the formation of sulphuric acid from sulphur 
trioxide takes place thus : 

O H O 

II I II /H 

0..---S +0 — > o-=--s 0< 

II 1 II. M-J 


O H 


O 
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where the broken line represents the auxiliary valency ; the union of 
ammonia and hydrogen chloride thus : 

H\ Hv 

H^N +HC1 — ^ iAn HCl; 

h/ h/ 

and the union of cobaltic chloride with ammonia thus : 


cACo -+6NH3 — > CACo (NH3)e. 

Cl/ Cl/ 

Many objections have been raised to the theory, but in its application 
to the mctal-ammines it has been of great value. 

As the result of examining a large number of metal-ammines, Werner 
was enabled to arrange this class of substances into well-defined groups. 
He regarded ammonium chloride as the simplest example of the ammino- 
compounds, and represented it by the formula H 3 N— HCl. In this, 
hydrogen is not ionised in solution, but chlorine, being linked by a 
]:)rincipal valency bond, can undergo ionisation. This view of the 
formula of ammonium chloride and ammonium salts has not been 
generally accepted. 

In the metal-ammino-comi^ounds or the complex metal salts there is 
believed to be a definite number of groups or atoms arranged around a 
central atom. The most usual number is six, but compounds arc known 
where the number is eight, four, or even two. According to the co- 
ordination theory these atoms or groups are arranged around a central 
atom united partly by principal and partly by auxiliary valcncjy 
bonds, such groups constituting the undissociated zone or co-ordination 
coni]plex, Triammino-cobaltic nitrite, for example, is represented as 
r (NOa)^-! 


[Co(N02)3.(NIl3 


, the square l)rackct containing the 


I. .(Nn3)3j 

undissociated or co-ordination com])lcx. To explain the aj^parent lu^va- 
valcncy of the cobalt atom it is assumed that three groups arc unites I 
with cobalt by principal valencies and three groups by auxiliary valencic\s 
thus : 


NOo /Cov Nils 

no/ •NH 3 

Triammino-cobaltic nitrite is not ionised in solution, so that in this 
])a.rticular case the principal valency bonds do not show the character- 
istics at first laid down for them by Werner. If the substance is treated 
witli ammonia, one, two, or even three of the nitro groups may be 
replaced by ammonia and the following results are obtained. Tlic 
entrance of one molecule of ammonia causes the compound to become 
ionised, and in solution one (NOo) ion may be detected. A nitro-group 
has therefore been expelled from the undissociated zone with production 
of a new com]Dound of formula 


N02->Co:;' NH NOo. 
NH3." \NH3J 
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Further addition of ammonia causes a second and then a third (NO 2) 
group to pass from the undissociated zone and become ionised in solution, 
corresponding to the compound 


“NH3.. ..NHgn 

NH3 - {Co::- NH. 
Lnh,-- ••.NH3_ 


(N 02 ) 3 . 


The number of radicles or atoms attached to the metal in the first 
zone is termed the co-ordination number, the value for which in the case 
of the cobalt-ammines is almost invariably six. 

The ammines are therefore often classified into types with co- 
ordination numbers six, four, three, etc. 

The weak point of the theory is the position of the atoms or groups 
outside the first zone. These are assumed to arrange themselves 
indefinitely around the first zone. The ammonia molecules in the 
metal-ammines in the first zone are firmly attached, inasmuch as many 
of these compounds can be treated with concentrated acid without 
removal of ammonia. 

The co-ordination theory has also been applied to many complex 
• salts and double salts other than ammines. For example, potassium 
ferricyanide may be represented by the formula 


~CN\ 

CN^Fe::--CN 

cn/ ■‘•••cn J 


K 


3 > 


in which the auxiliary valencies of iron are united with those of the 
cyanogen radicles already attached to potassium. The double salt, 
magnesium potassium chloride, KCl.MgClg.Cl-IgO, may be represented 
by the formula 


XK 


Cl-AMg 

Cl-*' 


H4O2 

■H40J 


K, 


although this salt is unstable and ionises in solution due to splitting off 
of the undissociated water molecules. These latter are assumed to be 
double in order to bring the formula into line with hexahydrated single 
salts, where six molecules of water form the co-ordination complex. 
Thus, hydrated magnesium chloride is represented as : 


rilaO.. ..HaO^ 

HgO jMg: H2O 
JI 2 O H20_ 


CI2, 


in which the acidic radicle lies outside the first zone and is therefore 
ionisable. 

Water molecules are known to associate in pairs in the liquid state, 
and Werner therefore justified his suggestion that polymerised molecules 
of dihydrol or H4O2 probably occur in hydrates of the former type as 
also in the alums. These latter are represented as co-ordination deriva- 
tives of general formula 


H4O2 

II4O2 

LH4O2 




H4O2-I 

H4O2 

H4O2J 


SO4" 

SO4M' 
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where M'" and M' refer to atoms of trivalent and monovalent metals 
respectively. Potassium chromium alum may therefore be given the 
co-ordination formula 

rCr(H,02), 


SO4K 

SO4 


111 the examples quoted the co-ordination number is six. 

Cupric sulphate unites with ammonia, forming the compound 
Cu( Nil 3)480 4. The co-ordination number is again four, and the 
formula is 


rNHa-. 

LNHa 




SO4. 


The co-ordination number of the central atom may be the same as the 
numerical value of the valency of the central atom, or it may be different. 
The frequent occurrence of the number six or four suggests a dehnite 
spatial arrangement for these co-ordinated groups. Compounds with 
co-ordination number six are assumed to possess an octahedral con- 
figuration, whilst those with co-ordination number four are given a 
tetrahedral or, sometimes, a planar configuration. Werner verified 
these assumptions by examining many derivatives and showing that 
they possess the properties of compounds with these particular spatial 
arrangements. For example, an octahedral grouping with the atoms 
or groups at the corners of an octahedron ought to exist in two isomeric 
forms if the central atom be united with two A and four B grou[)s, where 
A and B arc different monovalent groups thus : 



Sucli isomerism has been proved to exist, two and only two isomeric 
forms being known where A is in the 1-, 2-, or cis'-position, or in the 1-, 
()-, or //Y//?.s'-position. 

'I'he im])ortancc of the theory was further demonstrated by the 
discovery of the existence of optically active inorganic compounds, and 
the isolation of the exact number of optical isomers theoretically possiliie 
for the spatial arrangement of the atoms. ^ Friend ^ and others criticised 
the theory on the grounds that in simple compounds, such as sodium 
chloride or cobaltous chloride, the chlorine is ionised and yet is attached 
to sodium or cobalt atom directly, whereas in the aminino-comj)ounds 
the acid capable of ionisation is that which is not directly attached 
to metal. For instance, in chloro-pentammino-cobaltic chloride, 
| CoCl(NH3)5]Cl2j it is the chlorine outside the first zone which is ionised 
in solntion. Also, the dissociable acidic groups are not attached to 
any point within the complex, but simply hover round the central 
complex in an indefinite manner. Thus a definite valency for ionisablc 

1 Werner and Kling, Ber,, IDll, 44 , 1887. 

- Eriend, Trans. Ohem. Soc., 1908, 93 , 1006 ; 1916, 109 , 715. 
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acidic groups seemed to be denied. Further, in the example quoted 
above the chlorine atom directly united with cobalt is not ionised in 
solution. Reasoning from advance made in organic chemistry by 
keeping the valency of carbon fixed, Friend therefore advocated formulae 
of the same type for inorganic complex substances, as there seemed no 
apparent reason why one group of complexes should be governed by 
different laws from another. Cyclic or shell formulae were suggested 
for the cobalt-ammines such as the following : — 

Hexammino-cobaltic chloride, 



and chloro-pentammino-cobaltic chloride, 



Cl 

Cl 


In this way the dissociable chlorine atoms arc represented united 
directly to cobalt, and hence there is no difference between these chlorine 
atoms and chlorine atoms in cobaltous chloride. The chlorine atom 
not dissociable is included in the centre shell round the cobalt atom. 
This shell around the metal is compared to the water molecules associated 
with some metallic ions which retard tlieir mobility, the complex moving 
as a whole through a solution. These associated moleeules, it is sug- 
gested, take the form of shells of water around the atom, the mole- 
cules being linked together by oxygen atoms. In the case of trichloro- 
triammino-cobalt all the chlorine atoms are within the shell and the 
substance is a non-electrolyte. Three different formuhe are possible, 
none of which will ionise in solution, viz. : 


HJJ ,C1 

I Co<| 

H 3 N Cl 

I 


civ. 



Co. 


NH, 

vl 

Cl 


Cl 

n 


Cls 




NH, 


I /COv^l 

cr XI 


NH3 

id: 


Potassium ferrocyanide was also given a cyclic formula by Friend, 
where iron is situated at the centre of the ring and is therefore not 
ionised in solution. The enclosing ring is made up of cyanogen radicles, 
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and potassium is attached to three nitrogen- atoms of the ring. Three 
possible formulas were represented by Friend thus : 



K 

Ortho- or 
1-/ 2-ferrocyanide, 



K 


Meta- or 

1-, 3-ferrocyanide. 



Para- or 

1-, 4-ferrocyanide. 


The potassium atoms are attached to the ring itself and not to iron, 
so that isomerism becomes possible depending on the positions assumed 
by these atoms. The meta- and para-salts are more evenly balanced 
and may be expected to show greater stability ; the ortlio-salt is the 
double salt, 4KCN.Fe(CN)25 and in view of the instability of ferrous 
cyanide this complex may not be stable. Also, either the meta- or the 
para- compound may be easily transformed into the nitro-prusside. 

The main difference between the two theories lies in Werner’s 
assumption that the co-ordinated groups surrounding the central atom 
are connected with that atom by valency bonds, whereas Friend assumes 
them to be connected with one another. The accepted method of writing 
the formulsc with the central groups within square brackets remains the 
same in both cases. 

Modern physical conceptions of valency are electronic in character, 
and are intimately connected with the structure of the atom. It is 
believed that the atom consists of a central nucleus which bears a 
positive charge, round which are arranged electrons or negative charges 
of electricity numerically equal to the number of positive charges on 
the nucleus. In the case of hydrogen the nucleus bears unit ])ositivc 
charge, and there is one electron at some distance away which neutralises 
tiiis charge and thus renders the atom electrically neutral. This electron 
is regarded as a valency electron, and in some manner is connected with, 
the unit valency manifested by hydrogen. Helium has a net double 
positive charge on its nucleus and two external electrons. These form 
a stable ]^air which do not readily enter into chemical combination, 
and hence helium has a valency of 0. Lithium has a positive nuclear 
charge of three units and three electrons external to the nucleus, two 
forming, as in helium, a stable pair, and one outside of tlicse, further 
removed from the nucleus. This outside electron is thus analogous to 
the electron of the hydrogen atom, and lithium has unit valency. 
Beryllium has two, boron three, carbon four external electrons in addi- 
tion to the stable central electrons ; and the valencies of tliese elements 
are two, three, and four respectively, and so on. Eight is regarded as 
the maximum number of electrons an atom can retain in any one shell, 
and an element with a complete outer shell of eight will tend neither 
to take up nor part with any electrons. This is presumed to be the 
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cause of chemical inactivity, and such an element will be inert like 
helium. Neon is the first of these, having ten electrons, tw"o of the 
helium type and eight others. Sodium has eleven electrons, that is, 
ten plus one ; the last named being the first electron of a new shell still 
further removed from the nucleus. It is thus isolated from the others, 
and the sodium atom therefore exerts unit valency in a similar manner 
to lithium. Calcium has twelve electrons, that is, 2+8+2, the two 
outermost giving to calcium its double valency, and so on. As soon as 
a ring or shell of eight electrons has been completed another shell is 
begun, and hence the valency ranges from nil to seven in each of the 
horizontal series of the periodic table. As the atomic weights of the 
elements increase the atoms become increasingly complex, and the 
arrangement of the electrons somewhat modified, although the octave 
rule is still believed to apply, the outermost electrons being those that 
cause the effect known as valency. For physical and allied purposes 
it seems essential to assume that the electrons are in a rapid state of 
motion, and the so-called Bohr atom ^ has been constructed wdth this 
essential feature in view. On the other hand, the chemist feels that 
valency is best explained on the assumption that the electrons do not 
move to any appreciable distance from fixed points. The theories of 
Lewis 2 and Langmuir ^ are in consequence based on this. At the 
present time it is difficult to harmonise these views. 

Once the modern conception of the atom, as outlined above, had 
been accepted, it became clear that the earlier views as to the mechanism 
of valency required revision. 

Three kinds of valency are now recognised,^ namely : 

1. Ionised Valency . — This is exemplified by sodium chloride, the 
sodium atom functioning as a donor by giving its single-valency electron 
to the chlorine atom, thereby increasing the number of the outer-shell 
electrons of this latter atom to eight. 

2. Co-valency, in which each of two adjacent atoms shares an 
electron with the other. The simplest examples of this are afforded 
by molecules such as Og, etc. 

3. Co-ordinate Valency, in which two adjacent atoms share a pair 
of electrons, both of which, however, are supplied by one only of the 
atoms, namely, the donor, the acceptor atom offering none in return. 

It is a tribute to the prevision of Werner that these developments 
have not materially affected the essential features of his theory. 

In this volume it has been found convenient to retain, in many 
eases, Werner’s original conception of principal and auxiliary valencies. 

' Bohr, Phil. Wlag., 1913, [6], 26, 857. 

- Lewis, Froc. Nat. Acad. Sci., 1916, 2, 586. 

Langtnuir, J. Amer. Gheon. Soc., 1919, 41, 868 ; 1920, 42, 274. 

S(‘e Hiininiary by Sid^wick, J. Soc. Ghem. Ind., 1927, 46, 799. 



CHAPTER III. 

GENERAL CHARACTERISTICS OF THE METAL-AMMINES. 


The metal-ammineSj formed by the addition of ammonia molecules or 
molecules of organic amines, constitute an exceedingly large class of 
substances of the complex type. 

Tlie class has received, in recent times, much attention, and has been 
a fruitful source of research into the constitution of inorganic compounds, 
and also in the elaboration of modern theories of valency. As has been 
said already, the classical formuhe used to express the constitution of 
sinpde compounds, and the reactions of these one with another, are 
found inadequate to re]}rescnt the constitution and behaviour of these 
complex derivatives. The original ideas of fixed valency introduced by 
Ivekiile in his researches oh the carbon compounds must be abandoned 
wl'iCM the metal -ammines are considered-. Take, for example, one of the 
simplest cases of the mctal-ammines, that of the compound formed by 
the addition of two molecules of ammonia to platinic chloride, 
PtCl.i-i^NH.j. In platinic chloride all the valency of platinum, according 
to the classical theory of simple salts, is fully saturated in linking four 
atoms of chlorine to the metal. Yet, under certain conditions, two 
molecules of ammonia may be added. The supporters of fixed valency 
cx])Iained the substance as a molecular compound in which the ammonia 
is loos(^ly bound to the molecule in some different manner by forces 
akin to cohesion but not those usually regarded as valency. Such a 
formula as PtCl4.2NIIg, however, does not explain the pro]:)erties of 
tlui substance, for whereas jHire platinic chloride ionises in aqueous 
solution and gi\^es a highly conducting liquid which shows the reactions 
for chlorine ions, the diammine, PtCl4.2NH3, in aqueous solution 
conducts electricity so badly that it cannot be regarded as ionised to 
.'uiy a ppreciable extent. Also, the presence of chlorine cannot be proved 
by the usual analytical reactions depending upon the presence of 
chloriiK! ions. Consequently it must be concluded that the entrance 
of ammonia into the molecule has fixed the chlorine atoms so firmly 
to the rest of the molecule that they are no longer able to exist as free 
ions in solution. 

Again, cobaltic chloride can be produced, but the compound is un- 
stable and readily passes into the more stable cobaltous chloride ; when 
dissolved in water the presence of cobalt and chlorine ions can be 
dc^tected, and conductivity measurements indicate that the salt is 
eornpletcly ionised. If, however, cobaltous chloride is treated with 
ainmonia and then oxidised, stable derivatives of cobaltic chloride 
containing ammonia are obtained. For example, when united with 
six molecules of ammonia the well-known salt hexammino-cobaltic 
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chloride is produced. According to the fixed valency theory, however, 
cobaltic chloride is already a fully saturated compound and" should not 
unite further with other atoms or groups. The ammino-compound 
is highly stable, and a study of the electric conductivity of its aqueous 
solution indicates that the complex molecule has dissociated into four 
ions, of which the halogen can be precipitated completely by sih^er 
nitrate. On the other hand, cobalt ions cannot be detected in solution, 
and the only feasible assumption is that cobalt has formed a complex 
ion with the ammonia molecules. 

Additive compounds of ammonia and cobalt salts were first observed 
by Tassaert in 1799, although at that time the reaction which takes 
place when an aqueous ammoniacal solution of cobalt salt is exposed 
to air was not recognised as one involving the addition of ammonia 
to the molecule. From that time onwards research has been carried 
out on these complexes.^ 

One of the first important steps in unravelling the problem was 
taken by Berzelius with regard to ammonia compounds of the platinum 
salts. Reasoning from the dualistic theory, he believed these substances 
to be complexes formed by the union of ammonia with another complex ; 
this complex was not decomposed on treatment with acids, and it did 
not affect the saturation capacity of the base. He used formiilai of a 
special type to express the nature of the complex. Thus, the union 
of platinum chloride and ammonia was represented by 

These ideas were subsequently abandoned, but were revived later, in 
1869, by Blomstrand,^ who, however, modified Berzelius’ formula; and 
suggested the following scheme for the above compound : — 

pt.NRs.^g.-ei. 

In these formulae it is assumed that the (NHg) group has a capacity 
for forming homologous chains much like the methylene (CHg) group 
in the carbon compounds. The metal-ammines were represented, 
therefore, as built up of chains of ammonia molecules. By adopting 
such formulae he recognised that two different forms of chain formation 
are possible just as in the case of the carbon compounds, namely, the 
normal form and the iso or branched form. Thus : 

M— NHg— NHg— R and M— NH^— R 

NH4 

where M represents metal and R an acid radicle. 

The second formula, he pointed out, was not probable owing to the 
fact that the fifth valency of the nitrogen atom in other well-known 
compounds is always attached to a negative radicle, so that the radicle 
NH 4 was hardly likely to unite with another nitrogen atom. Thus, 

1 Reitzenstein {Zeitsch. anorg. GJiem., 1898, 18, 152) has given a very complete account 
of the older theories and formula of the metal-ammines, and has traced the development 
of those compounds up to the position at that time. 

^ Blomstrand, Bar., 1871, 4 , 40. 
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taking the cobalt-ammines as example, hexammino-cobaltic chloride 
was given the constitutional formula (1) 


.NH3.NH3.Cl 


NH3.NH3.Cl 


NH3.CI 


^NH3.NH3.C1 


NH3.C1 


Co 


"NHg.NHs.NHs.Cl 


.^NH3.NH3.C1 

\ NH3.NH3.Cl 




NH3.NH3.NHs.Cl 


3.j.> JLX3,' 

NH3.NH3.CI 


VNH3.NH3.c1 


NH3.NH3.c1 


(1) (2) 

This formula he afterwards modified to (2) in order to explain the fact 
that if two ammonia molecules fewer are present in the molecule, two 
acid residues become inactive and therefore must he directly linked 
to cobalt. Removing two ammonia molecules from scheme (2) yields 
the formula at that time given to the pentammino-salts, namely, in 
the case of chloro-pentammino-cobaltic chloride, 

/Cl 
^C1 



.NH3.NH3.Cl 


NH3.NH3.NH3.Cl 

NHg.NPR.Cl 


NH3.NH3.Cl 


Again the formula had to be modified, when it was found that by re- 
moving two more ammonia molecules another ])air of acid residues lost 
their ionic character, and an octammino-salt, the present tetrammino- 
salt, was formed. Jorgensen therefore, in order to show their relation- 
ship to the octammino-salt, suggested the following schemes : — ^ 

/Cl 


NH3.CI 


'•NH,.C 1 


Co, 


NH3.NH3.NH3.NH3.Cl 


NH3.NH3.NH3.Nn3.Cl 


Co, 



VNH3.NH3.NH3.NH 3.CI 


NH3.CI 

NH3.CI 

.Lute o -salt. 

{ l^’oscnt Ii(vxarnmino-.salt.; 
(1) 


NH3.NH3.NH3.Nii3.c1 


NH3.C1 


NH3.C1 



I’lirpiirco-salt. 

( Prose nt cl i lo i‘o - ]X‘ n 1 a inni i 1 1 o - s al t . ) 
(^) 


^NH3.NH3.NH3.NH3.C1 


NII3.NH3.NH3.NH3.C] 


VCl 
''Cl 

Octammino-salt. 

(Present dichloro-tetrammino -salt. ) 
( 3 ) 


^ In the early days of research the metal-ammines known were supjiosed to contain 
two metallic atoms. The cobalt-ammines were therefore represented as CogCliplONHa, 
Co;,Cb.l2NH3, and so on, and the formulie proposed by Blomstrand were based on this 
assumption. 
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An attempt to clear np the constitution of these salts was then made, 
and JOryensen,! with the help of moiccular-weioht determination, proved 
tliat the sid)stanees contained only one cobalt atom in the molecule. 
The formuhe were then halved and written as : 


.NIL, -Cl 


Co(-NlI,.NIIj.NII.,.Nn,.Cl 

\Nir;,.ci 

(i) 

/Cl 


Cl 

Co^NII.,.NIl3.NIl3.NIl3.Cl 

\nii1.ci 


( 2 ) 


Co::^Nir3.NIl3.NIl3.NIl3.Cl 

( 3 ) 


Jorirensen ])asc(l his formula on the different behaviour of the halo, cron 
atoms towards eluanieal r(‘a,^ents in the pcntanimino- and tetrammino- 
salts. Thus, wluai the peutanimino-salts, for instance, undergo nicta- 
th(‘tical decomposition one halogen atom takes no ])art in the reactions 
but nmiains assocaated with metal and ammonia. Furtlier, concentrated 
.sulphuric acid will nmiove two atoms of halogen as lialogeu acid, but 
tlui third is not attaekcul. Finally, if chlorine be replaced by bromine 
two s(‘ries oi salts ar(‘ obtained which differ in molecular volume accord- 
ing to tvp<^ ol' (‘hlorin(‘ rt‘|)laeed. For example, chloro-|)entaminiuo- 
coballie chloride* yi(‘lds tiu* Ibllowing results : — 


ClC<)(Nn,.,),r,('lo .... mok^cular volume 277-7 
HrCo(Nn;})r,('l.^ .... molecular volume 281-0 


(hat is a diflVu’e-nce* of \)vv moI(‘cul(‘. If, on the other hand, ionisahle 
ehloriiK* is re-place-d by hromim* ilu* re^sulls are as follows : — 

('lCo(Nn.5)j,('1.2 .... moh^cular volumes 277-7 
CK o(NH.j)j,Hr.^ .... moh^eular volume 8H)-1) 


yit‘lding a <li flVnnee* iu I his case* of 'l■2•2 per niole-emle*, l luit is eif 2M for 
ea(‘h alom of chlorine* n-plae‘e‘el. 'Fliis was assume-d to fie* elue* to thei 
({inVr(‘n{, ways in which (ho ba.l()ge*n atoms are* liuk(‘(l in llu* two ease's. 

Th<‘ problem as to wh(*th(‘r (he* ammonia, (*hains are* straight eir 
bran<-h(*({ was now laekl<*(l. If (he* Ial.(.e*r, Ihe'ii erne* hy(lr<)ge*n must be* 
mon* labih- lhan (Ik* others, and lh<-r<‘fore* able* to h-ave* erne* ammonia, 
grouj) and attach itself to anoihe*r ammonia, group. For e'xaniph*, a. 
e'ompound M NIF} H on aelelilion of a, mole*e‘nl(* eif ammonia, would 
f)eH*oni(‘ M N H o it . 

.An., 

'iluit, this n-aetion does not lake* pla(*e* in the* me‘tal-a,nunin(*,s was 
pro\’(‘d in the* following way." A l.<‘rtia.ry amine was (‘liose'U, namely, 
pyridine, in whie-h no laliile* hy<lrog(‘n is possible*, and tlu*r(*l‘e)re‘ nei forkeal 
chain could lie fornu-d if the* e*ompound we're* nnile'd with mevtal salt. It 
was found that, whi'ii pyridine and the* uu'ta.llie* salt are alleiwed to 
int(*rae*t, me*! al-py ridine* e-ompemnds are* eilitaine'el analogous in eivery 
way to the nie-tal-iimmine's. It se‘eaiie‘el probable*, theretbre, that the 
metal-aminines do not, e'ontain the (NIl^) group. 

^ .torLrciisi’ii, ./. pnil't. (-iKm., I.SiHI, (2|, 41 , •l-KI. 

“ .t<»rjj;cns(*ii. Ihitf., I.S.Sli, (2|, 33 , 189. 
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Tiict ns ammonia groups may be replaced by acid, so ammonia groups 
may be repLced by ^Uer molecules. These “ aquo ” salts, as they arc 
called were represented by Jorgensen ^ as oxoniiiin salts. For instance, 
dichloro-tetrammino-cobaltic chloride is translbrnied into aquo-dicliloro- 
triammino-cobaltic chloride by replacement of one ammonia molecule 
by one water molecule, a reaction which was represented thus : 


Cl +H^O-H 

Co^Cl 

\NH3.NH3.NH3.NH3.Cl 


/Cl II 

Cof-Cl I 

\NIl3.Nn3.NIl3.0-»Cl+NH3, 

H 


This theory of the constitution of the metal -am mines is known as the 
Jorgensen-Blomstrand theory, and was generally accepted until 1893 , 
when Werner put forward his liypothcsis of co-ordination. According 
to Werner’s theory, the ammonia molecules in the metal-ammines are 
joined directly to, or “co-ordinated” with, the metal, the whole con- 
stituting a “ co-ordination complex.” The complex is stable within itself, 
and may pass from one reaction to another as a whole, or it may undergo 
reactions whereby one or more molecules or grou|)s within the eom])lex 
are replaced by others. Each metal has a maximum co-ordination 
number, and only that number of ammonia molecuhis, or acidic or 
neutral groups in place of ammonia, can be assoeiatc^d with tlic metal 
in the complex. The co-ordination numlxT in the aminines may be 
six, five, four, three, or two, six ))cing the numlxvr in the niajoriiy of 
the compounds. Werner assumes that tlu‘ ammonia Tn()leciil(‘s and any 
acid or water molecules in the co-ordination c()m[)Iex arc symmctric^ally 
disposed around the central metal atom. Thus, in the (*asc5 of medals 
of co-ordination number six tlic groups or aloms are prcisumed to 
occupy the angular points of a regular octaluxlron with the nuytal at 
the centre. Further, the acidic raclicles outside the complex arc com- 
bined with the complex as a whole and not with any particailar atom 
or group in it. 

The valency of the complex radicle is the sanu' as that of tlic central 
metallic atom when the conijilcx contains only anunonia., substituted 
ammonia, water, or other neutral group. For {‘xam|>lc‘, cobalt in cobaltic 
salts is trivalent, and the cobalt complex with ammonia, | Co(NI I .j)^. 
is likewise trivalent; copper in eupri(! snlphaU^ is divalent, and the 


copper complex, |Cii(NJl.{),j|‘’, is also divalent. In the sanut way 
[Co(NH3)5.H20]-'aiul |Co(Nn3),.(Il.,()).,|- arc trivalent, as also 
|Co(NIi3)2.en2]”‘ and ICo.cn.J'”, where cn r(‘t)r<^scnts c^thylcncdiarnine, 
CH2NH2 . . . ' 

A-ry TwTT-r * When acidic radicles enter the coninh^x, however, t lu^ valency 
CH2NH2 * * 


is diminished by a corrcsjiondi ng amount thus : 


[Co(NH 3)5.C1]” and [Co(Nll3)5.(N()2)|*- are divalent, | C()(Nn3),,,.CU|' 
and [Co(NIi3)4.(N02)2j’ are monovalent, and |Cx)(NH3)3.(N02).5| has 
no free valency and is a non-electrolyte, all valency in this ea,se being 
used up within the complex. 

The valency of the complex, therefore, is found by subtracting the 
number of acidic radicles from the total valency of the metal. Thus, 
[Co(NH 3)4.(N02)2]‘ has two acidic radicles, the valency of the central 


^ Jorgensen, Zeitsch. anora, Chem.. 1897 . ii. 448 : lA. 417 . 
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atom is three, hence valency of the complex is three minns two, that 

^ divalent acidic radicle the problem is more 
difficult, because the acid may occii23y either one or two co-ordinate 
positions. For instance, the complex [Co(NH3)5.S04]- has an apparent 
valency of three minus one, that is two, since the SO 4 — radicle occupies 
only one co-ordinate position, whilst the complex [00(^13)4.804]’ would 
have unit valency, since the SO 4 — radicle occupies two co-ordinate 
positions. 

In some instances the metal complex may become the anode instead 
of the cathode. The acidic radicles have, in this case, increased at the 
expense of ammonia until there is a greater number of acidic radicles 
in the complex than corresponds to the valency of the metallic atom 
thus : [Co(NH 3)2.(N02)4]'. If valency is determined by the above 
method it is found, since cobalt is trivalent, and (NO 2)4 has a total 
valency of four, that the valency of the complex, namely, three minus 
four, has a unit negative value. The complex is thus anodic and unites 
with one atom of a monovalent metal or its equivalent. The complex 
radicle cited, therefore, united with potassium yields the substance 
[Co(NI-l3)2.(N02)4]K, or potassium tetranitrito-diammino-cobalt. 

Nomenclature. — A definite system of nomenclature has been 
adopted for metal-ammines, and the old names derived from the colour of 
the compounds have, in the main, been abandoned, as they lead to con- 
fusion. The system adopted is that suggested by Werner. Ammonia 
molecules present in the complex are indicated by the terms “ monam- 
mino,” “ diammino,” ‘Hriammino,” ‘‘ tetrammino,” “ pentammino,” 
“hexammino,” the word mmnino, written with a double m, having 
been adopted to show the relationship with ammonia and to distinguish 
from the ammonium salts and the substituted ammonia compounds, 
namely, the amines. 

The co-ordination complex is placed within square brackets, and 
tlie acidic, metallic, or other radicles, not included in the complex, are 
placed outside the bracket. Thus the complex derivative of cobaltic 
(ihloridc containing six ammonia molecules is represented as 
[Co(Nn.j)6]Cl3. Where the ammine contains other groups besides 
ammonia in the complex the ammonia molecules are always placed 
next to the metal, then follow acidic, water, or neutral groups. In 
describing the compound it is usual to name the groups in the eo- 
ordiiiation complex before the metal, and the ionisable groups, that 
is those not included in the complex, after the metal. The above 
exam|)le is therefore designated hexamniino-cobaltic chloride. When 
part of the ammonia in the conq^lex is replaced by acidic or water 
molecules the acid or water is named before ammonia, and, furthermore, 
if both acid and water are present the acidic group is named before 
the water. For example, the substance, [Cr(NIl 3 ) 4 .Cl.H 20 ]Cl 2 , is 
monochloro-aquo-tetrammino-chromic chloride. The number of 
each radicle in the complex is denoted by prefixes thus : 
[Co(NIl3) 3.CL (II2O ) 2] Cl 2 is monochloro-diaquo-triammino-cobaltic 
chloride. In some cases it is not necessary to use a prefix for all the 
radicles, and the above compound would be correctly named, and its 
formula could be written from the name chloro-diaquo-triammino- 
cobaltic chloride, as it is known that the co-ordination number for 
cobalt in this series of compounds is six. Further, certain conventions 
are observed to distinguish radicles in the complex from those outside 
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of it. The acidic radicles are given the termination o thus : chlorine 
in the complex is ‘‘ chloro ” ; sulphate is ‘‘ siilphato ” ; nitrate is 
“ nitrate ” ; nitrite is “ nitrito ” or ‘‘ nitro ” ; whilst water in the 
complex is distinguished as ‘‘ aquo,” and the hydroxyl g^^oup as 
hydroxo.” 

A few examples will illustrate the use of these terms. Chloro- 
pentammino-cobaltic chloride is written as [Co(NH3)5.Cl]Cl2» nitrito- 
aquo-tetrammino-cobaltic chloride as [Co(NH3) (NH3)4(N02)-H20]Cl2, 
and chloro-aquo-tetrammino-cobaltic chloride as [Co(NH3)4Cl(H20)]Cl2. 
It will be observed that the co-ordination number in each of the com- 
plexes is six, and this is characteristic not only of cobalt-ammines, but 
also of many other complexes. Some metals, however, yield complexes 
with co-ordination number four. For example, tetrammino-cupric 
sulphate, [Cu(NH3)4]S04, and tetrammino-platinous chloride, 
[Pt (NH3)4]C1 2, belong to this class. On the other hand, the co-ordination 
number of hexammino-platinic chloride, [Pt(NH3)6]Cl4, is six, but the 
central metallic atom is tetravalent, hence there are four chlorine atoms 
in the outer dissociable zone. 

Complexes are also known in which the co-ordination numbers are 
one, two, three, five, seven, and even eight respectively, but these 
are less frequent. As examples may be mentioned sulphito-copper 
potassium, [Cu(S03)]K, and the unstable nitroso-ferrous sulphate, 
[Fe(NO)]S04, each of which possess unit co-ordination number. Di- 
ammino-silver chloride, [Ag(NH3)2]Cl, and triammino -silver chloride, 
[Ag(NH3)3]Cl, possess co-ordination numbers two and three respectively, 
in penta-phenylhydrazino-zinc sulphate, [Zn(NH2.NtI.C6H5)5jS04, and 
octammino-strontium chloride, [Sr(NH3)3]Cl2, the co-ordination numbers 
are live and eight respectively. 

Stability of the Metal- ammines. — Most metallic salts combine 
with ammonia, forming ammines of varying stability. The alkaline 
earth salts, for instance, unite with ammonia, yielding such compounds 
as CaCl2.CNH3 and CaCl2.8NH3, which are known only in the solid state 
and decompose when dissolved in water. On the other hand, the 
metals of group eight form ammines which are so stable that they 
may l^e treated, in many cases, with concentrated acid without removal 
of ammonia. Between these two classes there are ammino-compounds 
of all grades of stability. Numerous theories have been advanced to 
account for the different stability of the ammines. According to 
Ephraim,^ the stability of the metal-ammines depends on the atomic 
volume of the central atom of the complex, fie assumes that if the 
])rcssure is kept constant the temperature at which decomposition takes 
place is a measure of the strength of the auxiliary valencies. Experi- 
ments were carried out to determine the temperature at which the 
hexammino-derivatives of the chlorides of the metals beryllium, nickel, 
cobalt, iron, copper, manganese, zine, cadmium, and magnesium eacli 
exert an ammonia vapour pressure of 500 mm. The results indicated 
that the temjDerature decreases as the atomic volume increases. It is 
therefore assumed that the strength, or energy, of auxiliary valency is 
a function of the atomic volume of the central atom of the complex. 
Similar results were obtained for the hexammino-bromides, iodides, and 
sulphates. 

It is pointed out, however, that the atomic volume of the central 
1 Ephraim, Ber., 1912, 45 , 1322. 
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atom cannot be the only factor, for copper and iron have the same 
atomic volume, and yet the hexammino derivatives have different dis- 
sociation temperatures ; whilst beryllium, which has the least atomic 
volume of the metals quoted, ^ives a hexammino-chloride which is so 
unstable that it decomposes before the dissociation pressure of 500 mm. 
is reached. Further, those metals with an atomic volume greater than 
11 do not yield stable hexammino-compounds at ordinary temperatures, 
and the eri’cct of the atomic volume on the stability appears to diminish 
with increased atomic volume of the metallic atom. It is also inlluenced 
by tfie anion, ibr experiment shows that the ratio of the absolute tem- 
pt‘ratures at which the hcxammino-chloridcs and the hexammino- 
hromides exert the same vapour pressure is '‘'NiBro : ''•NiCl2=l*073, 
and for the corresponding cobalt compounds is '*’CoBr 2 : ‘CoC^— 1*080. 
This constant Ephraim named the “ tension modulus,” and the moduli 
obscu'ved IVn* the ratio Cl : I, Br : I, and SO^ : I vary between 1*08 and 
MO. 

I'lui jibiiity of a substance to form addition compounds seems also 
to b(‘ conmn'Ual with tiic magnitude of the s])ace occupied by various 
parts of th(‘ molt‘cule. If the anion be large the additive capacity of 
ilu' atom b(‘conK‘s much more than it was originally, and a hu'gc anion 
may rt'inha’ a. small cation capable of addition reactions.^ 

Ephraim and Miilha* ^ describe some results olrtaincd with the groups 

SO,,, SeO.j, I\loO,„ -“WO^, and OrO^. These anions were 

united with t}u‘ h(‘xannniiK)-nickel complex, and the temperature 
measured at which the ammonia tension is ecpial to atmos|)hcric 
pr(*ssur(‘. 'Flu* stability of the comj)lcx is apparently independent of 
ih(‘ atomic \’olum(‘s of s(‘t(‘nium, sulphur, chromium, molybdenum, and 
tungst(ai, but incr(‘as<‘s proportionally with the molecular volume of the 
corresponding I rioxi<l(‘s. 

Ephraini and ih>ll(‘ find that the stal)ility of tht‘ anunincs of general 
formula | !!( N 1 d(‘p(‘nds not only on ilu^ ctaitral atom l)ut jdso 

on the anion. Thcs(‘ inllucnc(‘s oppos(* on(‘ another, and Ihe stability 
of the whol(‘ moh‘cuI(‘ is tlua-dbre ilK‘ resultant, of th(‘ two inthuavccs; 
cons(‘(picnt 1\’, N'cry tilth' paralh'Iism ma.y a.|)p('a.r Ix'l.vvec'n ana, logons c-om- 
poimds. For instance*, tin* t.(*mpcra, lures of decoitiposition of the 
ii(‘.\ammiuo-salts of nicke'l dccn'ase in tlu* orde'r jx'rchlora.U*, iodide, 
hromide, chlorate', nitrate*, chleu'ieh*, sul|)ha,t(‘ ; whilst in tlu^ (‘a.se of the 
hcb'immine)-salts e>f zine*, tin* oreh'i* fe>r (lc(‘rt'a,sing stal)ility is ieKlide, 
hromieh', e*hloride‘, p('re'hle>rat<‘, sulphate*, nitrate*, chleu’a.f.e*. 

In ge'iieral it is fouuel that, salts of stre)ng a.e*iels yie'ld me)rc sta})le 
ammiiK's than elo tbe)se‘ of we'ak aciels, anel in me)St case's the* sta.bility 
of the ammine* is paralh'l with the* stability e)f the* ce)rre'spe>neliug a,m- 
moniumsalt. Feu* insl ance, both lK*xa.mmine)-nie*ke'I ie)diele, [Ni(NIi.j)(j|l 2 , 
anel ammonium ioeliele* ele'e*e)mp()se at highe*r l.e*m|)era.ture'S tha,n hex- 
mnmineenie'ke'l bre)miele', | Ni(N I I.j),;|lb* 2 , anel ainme)nium l)re)miele. The 
more* stable* ammine'S are* alse) l.he^ least se)luble‘ in water. 

No shai’j) line* e*an be* elrawn be*t.we*e*n eleyuble* and e*e)m))lc‘X sails, the 
dilTei*cnc*e* being mcre'ly a, elilTe*rcne*e in the amount e)f ionisatie)n. Jn 
the* m(‘tabammint*s the* ce)mj)le*x may be* ve*ry little ie)nised, and the 
central ate)m is t he'rt'lbre* ne)t present, te) any a|)prcciable extent, as 

* l*j j ill I’a ii ii a IK i ilosc!) />*<’?'., 1 01 S, ? Ej ihriiiiii <iii( I M.oscr, 1020, 53? 

'■ Ejihraiin and Miillrr, 1021, 54 , 073. 

Ephraim and / 6 /V/,, 1015, 48 , 038. 
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metal ion. Take, for example, hexammino-cobaltic chloride ; the sub- 
stance in solution does not react with cold sodium hydroxide, but 
ammonium sulphide causes the precipitation of cobaltous sulphide. 
By employing different reagents, therefore, the concentration of metal 
ion in solution may be determined. The complex ion, [Co(NH3)g]’**, 
to a certain extent ionises to give cobalt ion and ammonia. The most 
stable of the metal-ammines are little ionised in solution, and give mostly 
the complex ion and acidic or basic ion without the complex. On the 
other hand, the unstable ammines in solution yield a large proportion 
of free metal ion from the complex ; that is, secondary ionisation has 
gone further. The stability of the ammines has been determined by 
measuring the secondary ionisation by the employment of reagents of 
differing sensitiveness.^ 

It is difficult, in view of the above observations, however, to make 
any safe generalisation regarding the stability of the ammines. 

Formation of Metal-ammines. — The compounds may be formed 
in several ways, such as treating the dry metal salts with ammonia gas 
until absorption is complete ; by treating the salts with liquid ammonia ; 
or from an aqueous solution of the salt and aqueous ammonia. The 
method of formation depends on the stability of the ammiiie. In some 
cases the ammine has not been isolated in the solid state, and its presence 
in solution is only indicated by the behaviour of the liquid. 

Isomerism in the Metal-ammines. — Werner claimed for the co- 
ordination theory that in certain cases isomerism should occur, that 
isomerism being brought about by different causes. He divided 
isomerism in the ammines into five groups, namely, structure isomerism, 
ionisation isomerism, hydrate isomerism, polymerism, and stereo- 
isomerism. 

Structure Isomerism . — ^Many examples of this type of isomerism 
occur thus: aquo-pentammino-cobaltic chloride, [Co(NH3)5.H20jCl3, 
if treated with nitrous acid yields a red unstable compound which, on 
standing, changes to a brown stable substance, the change being as 
follows : — 

[Co(NH3)5.H20]Cl3+HN02 — ^ [Co(NH3)5(ONO)]Cl2+ITCl 

I Red unstable. 

[Co(NH3)5N02]Cl2 

Brown stable. 

Other more stable salts of this type, such as the substances 
[Co en2(ONO)2]II and [Co en 2 (N 02 ) 2 ]IIj contain the (ON'O) and the 
(NO 2) group respectively. The former are brick-red in colour, the 
latter are brown. The isomerism is due to these groups which are 
distinguished as nitrito, (ONO), and nitro, (NOg).^’^ 

Salts containing the nitrito-group are easily decomposed by dilute 
acids, those containing the nitro-group are stable towards acid. Further, 
on standing, or more readily on heating, the nitrito -compounds pass 
into the nitro-derivatives. 

Isomerism of this kind occurs wherever tautomeric acidic radicles 
are introduced into the molecule. Isomeric thiocyanato-compounds 

^ Bodlander, Zeitsch. j)lhysikal. Chem., 1903, 39 , 602. 

2 Jorgensen, Zeitsch. amrg. Chem., 1893, 5 , 168 ; 1899, 19 , 149. 

® Werner, Ber., 1907, 40 , 768. 
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are known; for instance, the two series of salts, [Co en2(NCS)o]Il and 
[Co en2(SCN)2]R. 

The constitution of these is determined by oxidation, the thiocyanato- 
compounds being easily oxidised by chlorine, whereas the isothiocyanato- 
derivatives are not. 

Ionisation Isomerism . — This type of isomerism is very common in the 
metal-ammines. If two or more different acidic radicles are present 
in a molecule of metal-ammine, the acidic radicles may be firmly fixed 
in the co-ordination complex or may be outside of this. If they are 
outside the complex they are easily ionised and easily freed by other 
acids ; if, on the other hand, they are within the complex they are not 
ionised and are difficult to free by other acids. This distribution of 
the acidic radicles in the complex, or outside of it, gives rise to ionisation 
isomerism. For example, the compound Co(NH3)5Br(S04) is known 
in two forms, one violet and the other red. The violet modification 
in aqueous solution contains — SO4" ions, which may be precipitated 
by barium chloride. The red variety gives no —SO 4" ions in aqueous 
solution, and barium sulphate is not precipitated by barium chloride. 
These two substances, bromo-pentammino-cobaltic sulphate and 
sulphato-pentammino-cobaltic bromide, are ionisation isomers, and 
are represented as : 

[Co(NH3)5Br]S04 and [Co(NH3)5S04]Br. 

Violet. Red. 

In the same way chloro-pentaquo-chromic sulphate, [Cr(H20)5Cl]S04, 
is isomeric with sulphato-pentaquo-chromic chloride, [Cr(H20)5S04]Cl. 

IlydTate Isomerism . — As its name implies, this depends on the position 
of water in the molecule, just as in the case of the acido compounds. 
If two or more molecules of water are present in a molecule of ammine, 
the water may be present within the co-ordination complex or outside 
of it. For instance, the compound Cr en2.(H20)2.Br3 exists in isomeric 
forms. It may have all the water within the complex, in which case 
the formula will be [Cr €110(1120) 2] Br 3. In solution the whole of the 
bromine is precqiitated by silver nitrate. On the other hand, the 
compound may have one molecule of water in the complex and the other 
outside, in which case the formula is [Cr en2(Il20)Br]Br2.Il2^j 
two-thirds of the bromine are precipitated by silver nitrate. Another 
example of this kind occurs in the cobalt series : chloro-aquo-tetrammino- 
cobaltic chloride, [Co(NIT3)4Cl.H20]Cl2, is violet in colour, and is 
isomeric with dicliloro-tetrammino-cobaltic chloride monohydrate, 
[Co(Nll3)4Cl2]Cl.H20, which is green. 

Polymerisvi . — This may be regarded as similar to polymerism in 
organic compounds. The best example of this type of isomerism is 
shown in triammino-trinitro-cobalt, [Co(NH3)3(N02)3]. Polymers have 
been prepared which are dimolccular, trimolecular, up to pentamole- 
cular, thus : 

|:Co(NH 3)3(NO,)3], or [Co(NH3),][Co(N02)e], 
[Co(NH3)3(NO.j3j3 or [Co(N03)(NH3)3][Co(N03),(NH3) J3, 
[Co(NH 3)3(N03)3:U or [C 0 (NH 3 ) 3 ][C 0 (N 03 ) 4 (NIl 3 ) 3 ] 3 , 
[Co(NIl3)3(N03)3]5 or [Co(NH3)3N03]3[Co(N03)o]2- 

Polymers of chromium compounds of this type are also known. Thus, 
[Cr(NH3)3(SCN)3], which has been prepared up to pentamolecular form. 
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StereoAsomerisvi . — Werner gave to the elements with eo-oniiiiation^ 
number six, which constitute the largest and most important eiass of 
the metal-ammines, a spatial configuration where the six co-ordhiaiion 
groups are arranged around the central metal atom, which is situattsl 
at the centre of a regular octahedron witli the eo-ordinaled groups at 
the angles of the figure. That is, to the compounds of general iormuhe 
[M(NH3)6]R3 is given the configuration : 


NH3 



Such a configuration should on replacement of one arnnumia moh^eule 
by acidic or other monovalent radicle yield only one eom})ound. and 
this is proved to be the case. On the other hand, if two acidic or o[}H*r 
groups replace two ammonia groups in the complex, isomerism should 
be possible, yielding two isomers of the formula In 

the case of dinitro-tetrammino-eobaltie nitrate, |Co(XH3),j{N()y)3)X().j, 
two isomeric forms arc known to exist, one })rown iri cohmr, th(‘ <>thcr 
yellow. The two substances may be represented by th(‘ following 
formulaj : — 


NO2 



NH3 

1-, 2-, diiiitro-, or ch. 


NO2 



NII3 ] 

1-, l»-, (Unit nt", ur turns. 


When three ammonia grouj)s are sul)stituttsl by aeidit* groups two 
isomers arc theoretically possible, and this is again proved by experi 
mental evidence. The eonhguration of the eompU'X is rc‘prcscnf cil 
thus : 


R R 



R NH3 

The isomers of ty])e | M(NU3),jRolR differ in properties, solubility, 
colour, and reactivity. For instance, the dichloro-t(*t ramniino-eobalt ie 
chlorides are green and violet res))ectively. Tlu^ violet -coloured salt is 
known as tlie “ violo ” salt and the greem as the praseo “ salt. 

Werner^ endeavoured to determine the structure of these isoiners, 
and concluded that the isomerism of these compounds was of t In* cis^fratLs 
type of organic substances. Reasoning from this, he n'placaai th(‘ two 


GENERAL GHARAOTRRLSTICS THl^ MEl^AI.-AMMINEH. 


25 


substituted ^u’oups by a divalent ^^roup wliieb oe.eu})i(‘d two eo-ordinate 
])ositions, and found that only one form allowed r(‘pla.eement to take 
])laee readily. Ikaiee lie eonehided that the form whieh reaetcnl easily 
was the form with the aeidic radicles in tlie adjacent positions; thus, 
by su])stitutin^^ two nitro groups by an oxalate or carbonate grouj) tlu^ 
ibllowing configurations were obtained — 



Also, on rejilacement ofoxalato- or earbonato-grou]) by nitro-, ehloro-, 
or l)ronio-radi(*l(‘s, brown salts an* obtained with acid and sodium nitrite, 
and violc't salts on tr(‘aiinent. with eoiK‘(‘ntrat(‘d hydroehlorie or hydro- 
bromic* iieid. 'fhe* brown nitro-eompounds are tlu^rc'lbrc* give*!! a formula 
with the* nitro-groups in the* 1-, 2-, or c'/.v-position, and the* violet. halogc‘n 
salts the* formula with lialogc*!! in the* e/.v-position. Tlu^ e/.v-form may bet 
transfornu'd into the* //v///.v-mo(lilie‘ati(m liy int ramoie‘euIar rc'arrange- 
ment. Gonee‘nl ratc'd liydroe‘hloric aeid e*on\’e*rts e‘arbonat()“t(*t rammino- 
eobaltie* salts lirst into violo-salls, and on standing, or on rise* of le'm- 
p(‘ratnr(‘, these* pass into the* j)rase‘o- or !-, (Lsalts. 

In tlie* triaeido-triammino-me‘tallie* sails two isonu*rs are* possible*, 
according as the* thre'e* similar greaips lie* in one* jilanet or in dilT(*re‘nt 
plane*s. Many of lhe‘se‘ isom(*rs have* be‘e‘n isolale‘el. 

diie* two isom<‘rie te*t rae*hloro-dianunino-[>lat imun salts also be‘long 
to this e*lass ol’ isom<‘rism, the* eontigurations be*ing : 


NH;? NH;^ 



NH-, VI 


II’ in the e*e)mple‘X, [ M(N! I. ammonia be* re*plae*e‘d by a diwih'nl. 
basic gre>up sue*h as e*! hylen<*dia mine*, a furthe*!* type* e>f isoin(*rism is 
possible* ; that is, I he* e’/.v-ibrm shoulel e*\isl in t we> e*nanl iemieirpheais forms 
re‘late*el thus : 



as lhe‘S(‘ eonlignrat ions are* re*lale‘el as obje‘(‘l te) mirror image*. 

\\Vrne*r and Kling ‘ founel that two sue*h isome‘rs can be* ob- 
laim‘d fre>m the* e/.v-salt of l\‘pe* | M(NH.j).jH .^IIL 'rhe'V j)re*pare‘el 
I he* eennpeiunels 1 'chle>re) 2"aminine)-eli<‘l hylene‘dia inine)-<*obal t ie e‘hlorid<*, 
^ Warner (iikI Kling, lOlI, 44, 1SH7 ; 11112, 45, a2S7. 
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[Co(NH3)en2Cl]Cl, and l-bromo- 2 -ammino-diethylenediamino-cobaltic 
bromide, and found that these can be resolved into the optical isomers 
by means of d-bromo-camphorsulphonic acid. The salts of the bromo- 
ammino series were more easily resolved, as there is greater difference 
between the solubility of the d-bromo-camphorsulphonates. In both 
cases the d-isomer is more sparingly soluble. These active compounds 
are stable, and aqueous solutions of the bromides of the bromammine 
series may be kept for long at ordinary temperature. 

Further, the trans-stYies of salts has never been found to give isomers, 
as they are symmetrical, and therefore such isomerism should not exist. 
l-bromo- 6 -ammino-diethylenediamino-cobaltic bromide therefore exists 
in only one form, and the configuration is given by 

NH3 



1-, 6”, or trans4orm. 


The asymmetry of the two c^, 9 -forms manifests itself in the form of 
crystals wlaich are enantiomorphous, and in the action of the substances 
in solution on plane polarised light. 

All compounds, therefore, with complex radicle [Co eugllalj which 
the two groups R are in the cis'-position, can be resolved into optically 
active forms. Further, by replacing the two groups in the cw-position by 
a divalent acidic radicle such as carbonato-radicie, a compound is pro- 
duced wdiich does not exist in cis- and i/m. 9 -forins but which may be 
resolved into optical isomers. Thus, carbonato-diethylenediamino- 
cob al tic salts are known in two optically active forms ^ rej^resented by 
the structural formulae 



After the resolution of 1 - 2 -chloro-ammino-dicthyleiiediamino- 
cobaitic chloride many analogous resolutions of optically active com- 
pounds of octahedral symmetry were carried out, and active isomers 
of substances containing central cobalt, chromium, platinum, rhodium, 
iron atoms are known. The asymmetry is not confined to ammines 
alone, but is found in salts of complex type ; for example, potassium tri- 
oxalato-chromium, [Cr(C204)3]K3, exists in two optically active forms. 
These forms were separated by Werner ^ by means of the base strychnine. 
More than forty series of compounds possessing octahedral symmetry 
have been proved to exist in optically active forms, so that the spatial 
configuration for co-ordination number six is firmly established. 

Among polynuclear ammines optical activity also occurs, and in 
^ Werner and McCutcheon, Ber,, 1912, 45, 3281. 
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accordance with Werner’s theory the compounds containing two metallic 
central atoms should exist in four forms — two optically active isomers, 
1- and d-, and two inactive forms, one being the vieso-foviTi in- 
active by internal compensation, the other the racemic form, a 
mixture of equal quantities of the d- and 1 -forms. Werner’s expecta- 
tion was fulfilled, for he obtained four distinct isomers of the compound 

- n ^ 


en2Co<^ ^Co eng 


"NH, 


I4. Thesfe corresponded exactly with the four 


possible isomers of tartaric acid, and gave further proof of the correctness 
of the co-ordination theory. ^ 

Doubt was thrown on the reason for optical acti\dty in these com- 
pounds, as all those considered contained a carbon residue of some sort, 
such as the C2H4(NH2)25 the C2O4, or pyridyl group. In 1914 , however, 
Werner ^ succeeded in preparing optically active isomers containing 
none of these groups, a purely inorganic compound. In this compound 
the complex [Co(NH3)4(OH)2] replaced ethylenediamine or other basic 
group, and three such complex radicles were co-ordinated with cobaltic 
bromide, giving the substance Co[Co{NH3)4(OH)2]3Br6.2H20. This 
was successfully resolved by means of bromo-camphorsulphonic acid, 
proving conclusively that optical activity in these compounds is not 
due to the presence of special groups but is a geometric property of 
the complex. 

Since then even more complex cases of isomerism have been dis- 
covered. For instance, a series of compounds containing asymmetric 
cobalt and asymmetric carbon in the molecule have been prepared,^ 
and here again the theoretical number of isomers is obtained. In the 
metal-ammines of co-ordination number four the configuration is 
assumed to be planar. The co-ordinated groups are arranged at the 
corners of a plane figure with the metal atom at the centre. Cis and 
trans isomerism is possible with such a configuration, thus the compound 
dichloro-diammino-platinum exists in two isomeric forms which differ 
in colour, one being orange-yellow, the other yellow. They may be 
represented as : 


NH3. xr 

>pt< 

lNI-Is^ ^Cl. 
I. 

Cis. 


and 


-NH3. /Cl 

\pt<( 

Cl ^NHsj 

II. 

Tracis. 


These isomers differ in chemical behaviour, for if two molecules 
of pyridine are caused to act upon Compound I., dichloro-diammino- 
platinum, the chlorine is replaced in the complex by two molecules of 
pyridine, and the substance dipyridino-diammino-plato-chlorideis formed: 


Nil 

NH 


'\pt/ 


py 

py. 


ci 


2j 


where py represents pyridine. 

Formula II. also reacts with pyridine, yielding dipyridino-diammino- 

1 Werner, Ber., 1913, 46 , 3074. 

2 Werner, Gom'pt. rend., 1914, I54> 

® Werner, Helv. Chim. Acta., 1918, i, 5. 



28 


THE METAL- AMMINES. 

pi ato -chloride, but the compound is not identical with that obtained 
from Formula I. The first pyridine compound on heating loses one 
molecule of pyridine and one molecule of ammonia ; the second pyridine 
derivative loses either two molecules of ammonia or two molecules of 
pyridine, yielding a mixture of dichloro-dipyridino-platinum and dichloro- 
diammino-platinum. ’• 

The transformation may be represented in the following manner : — 


Dichloro - diammino - 
platinum. 


™’>p<'’nc4 — r™’x“ 

NH/ ^pyj Lci ^py 

Cis. Trans. 


+2py 


Ici 

_py->/ \NH3J 


Die lilorc) - diammino - 
platinum. 


Lpy^ 


In this way the configuration of the ammincs of divalent platinum 
is deduced, and this agrees with theoretical considerations. A number 
of this type is known. 

^ Werner, Zeitsch. anorg. Chem., 1893, 3 , 310. 



CHAPTER IV. 

METAL-AMMINES OF THE ELEMENTS OF GROUP I. 


'f’lIK AM MINKS OF COPPEK, SILVER, AND GOLD. 

Tiif metals copper, silv(‘r, and <rold show a marked tcmleney to rorm 
<loiil)l(‘ and compl(‘X salts, the tendency beino- oreatest in the ease of 
^^old, th(‘ mcmd)(‘r of tlu‘ oroup with hio'hest atomic weight. 

Ammino-clerivatives of Copper Salts. 

It is \v(‘ll known that nudallii* eoj)])er is attacked by ammonia in 
a(jue(Mis solution, yi(‘l<rm,ijj a, d<‘(‘p blue solution ; tliat cuj)rie Irydroxidc 
dissoIv<‘s in a(pi(‘ous ammonia, yii‘ldinn- n bhi(^ solution known as 
S(‘hwei'/(‘r's r(*ao(‘nt. ; and t hat a. solution ol‘ cupric* snl{)ha.te, when 
tn‘al(‘d with (‘x<*(‘ss o(‘ ammonia, <»’ivi‘s a, d(*i‘p blue', solution From whieh 
dark him* prismatic crystals may be* obtained of composition 
CuSO j. tXn.j.n.jO. 'riu‘se obsc'rvalions arc* (*xplain(‘d by tint Fact 
that tla* salts readily Form comj)h‘x derivative's with anmionia known 
as cnprammincs. ^ 

By tin* a<‘tion oF ammonia, on (*uj)rous or on eufiric* salts, subst aiU'C's 
an* Fornu'd cont ainin|„»’ \’aryin_L»* amouids oF a,mmonia,. (hiprons a.mmiiu;s 
an* {'ohairless, unstable, and readily turn blue', passing' iid.o the* more* 
stable* (*upric ammiiu'S. The* cnj)ric ainmines arc; dc*(*j) blue* in colour 
and dissoh'e* in wal(‘r, yic'ldint*' dark blue* solutions. In t.lu* dry state; 
man\‘ of them are stable*. The* most, important. a.mminc'S oF c'oppc'i* are* 
thejse* e>F (he salts, cuprie* e'hloriele* anel cupric sulpha, tc;. 

Aniniiiio-derivatives of Cupric Sulphate. Fupric* sulphate* Forms 
with amme)nia lour ammino de‘ri vat.i ve‘s, na.me;ly, ‘pcufiiuiDi'nio-vtipne 
siilph(iii\ |('u( N 11,5 );,|SO,i ; l(iranniiin(M'H pric ,suipli((i(\ |(ii(Nn.{),, |S(),, ; 
(liamfuiuo-i'u j)ri(' sulphate, |('u(NMI.j).^|S(),| ; and luuuuuiinino-eupriv 
.s7///i//e//r, |(‘u( N IL, )|S() j. The* te't.ranimino salt, is the; bc'st. known and 
the* e)ne‘ nie)st e'asily obtaine-el. It. e*xisls be)t.h in the* a,idiyclre)us and 
in t he* hydrated state*. 

McuieihydralecI 'retrammino-cupric Sulphate, |Fu(Nn.j) ||S(),i. 
IIuO. 'fhe e*e>nipounel was tirst. elc‘sc*ribe‘d by Stissc'r in anel la.(c*i’ 

analyse'd hy P>(‘r/e‘lius, whe) pre)ve*d it t.o c*e)nlain lour nu)l(*c*ule's oF 
amn'iemia .-ind eyiie* me>le‘e*ule* e)F wate*!*. It is Formcal by trc'atini*’ an 
aejiH'ous se)lut ion e>F cuprie* sulphate* with (*xc*(*ss ot a.mmonium hyclre)xide 
anel pn'cipit at iny the* eh'C'p l>lue‘ c*onipound by the a.delil.ion oF alcohol. 
The same ele-ri \"at i\ e‘ may he* obtaineal })y passin.i»- a,mmoiiia, i»'as into an 
aejue'ous solut ion oFc'iiprie* sulphate*, wlien, as t he ammonia cone'cntralion 
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increases, crystals of the ammine are precipitated. This process is the 
one usually adopted for the preparation of the compound. The crystals 
are collected and dried over lime. They cannot be dried over sulphuric 
acid, in vacuo^ or over calcium chloride without decomposition. Even 
in air the salt is unstable, and can be dried between filter-paper or on 
porous tile only in small quantity. 

The ammine crystallises in dark blue prisms belonging to the 
rhombic system. In the dry state it has no odour, but loses ammonia 
on exposure to moist air, the crystals becoming opaque and much lighter 
in colour, passing finally into a green powder composed of ammonium 
sulphate and basic cupric sulphate. It may be kept over lime in a 
closed vessel without loss of ammonia. On heating in dry air it is 
stable up to 30° C., thereafter it gradually loses ammonia. Dawson 
and McCrae ^ state that between 100° and 125° C. it loses one molecule 
of water and two molecules of ammonia, whilst Horn and Taylor ^ 
claim tliat between 125° and 149° C. ammonia is gradually lost, and 
that from 149° to 260° C. the whole of the ammonia is eliminated; but 
no dednitc compounds can be obtained at the various temperatures, and 
the decomposition products seem to consist of mixtures of salts. If 
tlie mono- and di-ammine are formed they appear to be mixed with 
other products. The tetrammine is fairly soluble in water, 18-05 grams 
dissolving in 100 grams of water at 21° C. Decomposition in aqueous 
solution occurs, probably due to hydrolysis, as, if kept in solution, basic 
salts are gradually precq^itated. Some controversy has arisen regarding 
tlic water content of the tetrammine ; Berzelius assigned to it the 
composition CuSO4.4NH3.lH2O, whilst Bouzat ^ suggested that the 
compound contained more water, and gave it the composition 
CUSO4.4NH3.IPI2O. Later investigators ^ proved the substance to 
contain only one molecule of water. 

Anhydrous Tetrammino -cupric Sulphate, [Cu(NIl 3 ) 4 ]S 04 . — 
The anhydrous tetrammino salt is prepared by passing ammonia gas 
over deliydrated cn2:)ric suli^hate at a temperature between 90° aiul 
150° C.,'" or by keeping iicntammino-cupric sulphate in a desiccator 
ov(‘r sul])hnric acid. 

It is a bluisli-violet j^owder, stable uj) to 140-5° C., but when heated 
af)ov^c 150° C. it dissociates, yielding diammiiio-cupric salt and ammonia,. 
It is soluble in water, but much water causes decomposition and ])re- 
ci pita lion of basic salts. 

Pentammino - cupric Sulphate, [Cu(NH3)5]S04. — Anhydrous 
cupric sulphate is insoluble in liquid ammonia, l)ut both anhydrotis and 
Jiydi’atcd salt absorb ammonia gas. At first the reaction is vigorous, 
tli(‘ wliitc anhydrous salt becomes blue and then absorption of ammonia 
grachuvlly slows down ; the jiroduct formed is assumed to be the ])ent- 
animino-sulpliate. 

l\‘uta,inmino-cu2:)ric sulphate is prej:)ared by allowing carefully dried 
ammonia, gas to act upon cooled, dry cupric sulphate.’^ The product 
is stable if kc^^t over sulphuric acid, but is dccomi^osed by moist 

^ ilavv.son and McCrae, Trains. Ohem. 1901, 79, 490. 

^ Horn and Taylor, Amer. Ohem. 1904, 32, 253. 

'I Boiizat, Ann. Chinn Phys., 1903, [7], 29, 305. 

^ Horn and Taylor, ibid. ; H. M. Dawson, Trana. Ohem. Soc., 1900, 89, UH). 

Bouzat, Ann. Chim.. Phys.^ 1903, [7], 29, 372. 

Kphraini, P>cr., 1919, 52, 940. 

’ Bouzat, loC: cit. 
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air, when water gradually replaces ammonia, forming the substances 

[Cu(NH 3)JS0,.H20 and [Cu(NH3)2]S04.3H20. 

Pentammino-cupric sulphate melts below 200° C., darkens in colour, 
and at 400 ° C. completely decomposes, leaving a residue of metallic 
copper. It is stable up to 99 ° C., and when heated between 99° and 
141 ° C. loses one molecule of ammonia and passes into tetrammino- 
cupric sulphate.^ 

Diammino- cupric Sulphate, [Cu(NH3)2]S04, is formed when 
tetrammino-cupric sulphate is heated above 150 ° C. It is an apple- 
green powder, which absorbs moisture from the air and becomes blue 
in colour. 

Hydroxylamine Derivatives. — Several derivatives of cupric 
sulphate containing hydroxylamine in place of ammonia are known. 
Thus, cupric sulphate unites with hydroxylamine, giving a mono- 
hydroxylamino-compound Cu[NH20H]S04, a dihydroxylamino-salt, 
[Cu(NIT 20H)2]S04, and a pentahydroxylamino-salt, [Cu(NH2C>H)5]S04. 
The latter is unstable, but the two former compounds are stable in the 
dry state and even in solution up to 0° C. Above that temperature 
reduction of the salts occurs. 

Gupro-ammino -sulphates. — Cuprous sulphate unites with 
ammonia, forming complex salts. Tetrammino -cuprous sulphate, 
[Cu2(NH3)4]S04,andmono-hydratedtetrammino -cuprous sulphate, 
[Cu2(NH3)4iS04.IT20, are known. These salts are prepared by reducing 
ammoniacal cupric sulphate solution with hydroxylamine or with 
metallic copper and hydrogen, or from cuprous oxide. Pechard ^ 
prepared the compounds by adding hydroxylamine sulphate to an 
alcoholic, ammoniacal solution of cupric sulphate, when the tetrammine, 
[Cu2(NIl3)4]S04, is precipitated mixed with some ammonium sulphate, 
it is obtained free from ammonium sulphate by reducing basic cupric 
carbonate with hydroxylamine sulphate in ammonia solution at a 
temperature of 80 ° C., when, on cooling, and adding alcohol, the amminc 
is precipitated. The same ammine is formed by adding alcohol to a 
mixture of cuprous oxide and aqueous ammonium sulphate at 50 ° C. 
in an atmosphere of liydrogen.^ 

The amminc crystallises in hexagonal plates which are colourless, 
readily oxidised in air, insoluble in alcohol, and decom]:>osed by water. 
It is stable up to 100° C!., but above that temperature loses ammonia, 
liberating CU2SO4, which then decomposes. The salt reduces nitric 
acid, and is broken down by dilute sulphuric acid, copper being pre- 
cipitated and cu])ric ammonium sulphate formed. 

The hydrated salt is obtained by passing a weak electric current 
through a strongly ammoniacal solution of cupric sulphate.^ It forms 
colourless needle-shaped crystals and behaves like the anhydrous form. 

Ammino- salts of Cupric Halides. — When an aqueous solution 
of cupric chloride is treated with an aqueous solution of ammonia the 
hydroxide is precipitated, but if excess of ammonia be added the pre- 
cipitate dissolves, forming a deep blue solution. The liquid contains 
the tetrammino -chloride and liigher ammino compounds, depending on 
the concentration of the ammonia in solution and the temperature. 

1 Ephraim, Ber., 1919, 52 , 940. 

^ Pechard, GomqH. rend., 1903, 136 , 505. 

^ Boiizat, ibid., 1908, 146 , 70. 

Forster and Blankenberg, Ber., 1906, 39 , 4435. 
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Anhydrous cupric chloride, like anhydrous cupric sulphate, absorbs 
ammonia rapidly ; the absorption is accompanied by increase in bulk, 
and the brown chloride changes to a blue powder having the com- 
position CuClg.bNHg. The following compounds of cupric chloride 
with ammonia are known : — 

Hexammino-cupric chloride, [Cu(NH3)e]Cl2. 

Pentammino-cupric chloride, [Cu(NH3)5]Cl2. 

P entammino-cupric chloride sesquihydrate, [Cu(NH3)5]Cl2.1-|H20. 

Pentammino- cupric chloride hemihydrate, [Cu(NH3)5]Cl2.-2-H20. 

Tetrammino-cupric chloride, [Cu(NH3)4]Cl2. 

Tetrammino-cupric chloride monohydrate, [Cu(NH3)4]Cl2.H2^* 

TetramminO‘Cupric chloride dihydrate, [Cu(NH3)4]Cl2.2H20. 

Diammino-cupric chloride, [Cu(NH3)2]Cl2. 

Decammino-tricupric chloride, [3Cu(NH3 )l0]Cl6- 

Hexammino- cupric Chloride, [Cu(NH3)6]Cl2. — This salt was 
prepared by Faraday in 1818 by allowing ammonia gas to act upon 
fused cupric chloride. Increase in bulk immediately took place and a 
blue powder was formed. The compound may be conveniently prepared 
by allowing dry ammonia to act on a solution of the cupric salt in ethyl 
acetate, when a green precipitate of hexammino-chloride is formed 
which is washed with ethyl acetate and dried.^ The same compound 
is obtained by the action of liquid ammonia on anhydrous cupric 
chloride previously saturated with ammonia gas.^ 

The substance is a pale blue powder which is insoluble in liquid 
ammonia, soluble in water, and decomposed by much water. It 
gradually dissociates, yielding the tetrammine, [Cu(NH3)4]Cl2. On 
heating it loses ammonia, but there is some divergence of opinion amongst 
investigators regarding the temperature at which decomposition begins 
and the final product left. It is variously stated that the substance 
first melts, then gives off ammonia and leaves a residue of cupric chloride ; 
that ammonium chloride is formed ; that the final residue consists of 
cuprous chloride. The hexammine is stable up to 20° C. and dis- 
sociates at 46*7° C.^ 

Pentammino -cupric Chloride, [Cu(NIi3)5]Cl2, is said to be 
formed by saturating cupric chloride at low temperature with ammonia 
gas and. gradually raising the temperature. Certain points are reached 
where evolution of ammonia occurs and where the temperature remains 
constant during the evolution, thus indicating the existence of a de- 
finite compound. Pentammino-cupric chloride appears to exist below 
105° C. and to decompose sharply at 105° C., yielding decammino- 
tricupric chloride.^ 

Pentammino-cupric Chloride Sesquihydrate, [Cu(NH3)5]Cl2. 
i pigO, is prepared by cooling an ammoniacal solution of cupric chloride 
to —15° C., or by the action of ammonia on the ammoniacal liquid at 
0° C. It is a dark blue crystalline substance and decomposes above 
0° C., with formation of diammino- cupric chloride. It is soluble in 
water and in aqueous ammonia, and the crystals remain unaltered in 
an atmosphere of dry ammonia. If allowed to stand in a desiccator over 

^ Alexander and Naumann, Ber., 1899, 32, 1002. 

^ Bouzat, Compt. rend., 1902, 135, 292. 

^ Horn, Amer. Chem. J., 1908, 39, 203. 

^ Ei)Iiraim, Bar., 1919, 52, 940. 
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potassium hydroxide and a mixture of lime and ammonium chloride, 
pentammino-cupric chloride hemihydrate, [Cu(NH3)5]Cl2.iH20, is 
produced.^ 

Tetrammino -cupric Chloride, [Cu(NH3)4]Cl2. — This is the best 
known of the cuprammino-chlorides. It is obtained by heating 
liexammino-cupric chloride to a temperature of 90° C. in a closed vessel,^ 
or from the dihydrate by keeping it over a mixture of lime and am- 
monium chloride- The salt is blue in colour and is immediately decom- 
posed by water. If heated to 140° C. it loses two molecules of ammonia, 
forming the diammine [Cu(NH3)2]Cl2. 

Tetrammino-cupricChlorideMonohydrate,[Cu(NH3)JCl2.H20. 
— When ammonia is passed into a hot saturated solution of 
cupric chloride a dark blue solution is formed, and, on cooling, dark 
blue crystals are deposited. The salt crystallises in blue quadratic 
prisms which lose water on drying, giving the anhydrous salt described 
above. If heated it loses ammonia, passing into the diammino-derivative, 
and finally, on further heating, decomposes completely. Water attacks 
the substance and converts it into cupric ammonium chloride, ammonium 
chloride, and basic cupric chloride. 

A tetrammino-salt containing two molecules of water is formed by 
evaporating an ammoniacal solution of cupric chloride in an atmosphere 
of ammonia at ordinary temperature.^ The crystals are deep blue in 
colour, and lose both ammonia and water below 100° C., being trans- 
formed into the diammino-compound. 

Diammino -cupric Chloride, [Cu (Nil 3)2] Cl 2, is obtained by 
heating the higher ammino-derivatives to 150° C. or less, or by the 
action of ammonia on a concentrated solution of cupric chloride, when 
the diammine is gradually precipitated from the liquid.'* 

Diammino-cupric chloride is greenish blue in colour and is not 
changed in air. On heating to high temperatures it decomposes, 
evolving ammonia and nitrogen, whilst cuprous chloride remains. 
Water decomposes the salt, yielding basic cupric chloride, CuO.CuClg. 
GHgO, some tetrammino-cupric chloride, and ammonium chloride. It 
dissolves in excess of aqueous ammonia with formation of the complex 
ion, [Cu(NH3)4]-. 

Decammino-tricupric Chloride, [Cu3(NIT3)io]Cl6, is formed by 
saturating cupric chloride with ammonia at low temperature and 
gradually raising the temperature to 105° C. It decomposes at 124° C. 
with formation of the diammine.^ 

Ammino- cupric Bromides. — Cupric bromide, like cupric chloride, 
absorbs ammonia gas, forming complex ammino -compounds. The follow- 
ing ammines of cupric bromide have been described : Hexammino- cupric 
bromide, [Cu(NH3)6]Br2 ; jjentamynino-cwpric bromide, [Cu(NH3)5]Br2 ; 
diammino-cupric bromide, [Cu(NIl3)2]Bro ; and decammmo-tricupric 
bromide, [Cu3(NIT3)io]Br,. 

Hexammino-cupric Bromide, [Cu(NH3)6]Br2, is formed when 
dry, finely divided cupric bromide is exposed to ammonia gas at ordinary 
temperature. It is stable up to 20° C., but above that temperature 


^ Bouzat, Ann. Chim. Phys., 1903, [7] 29, 312. 
2 Bouzat, Compt. rend., 1902, 135, 292. 

^ Sabbatini, Ann. Chim. Farm., 1897, 26, 337. 

^ Kohlftchiittcr, Ber., 1904, 37, 1156. 

^ Ephraim, ibid., 1919, 52, 940. 


VOL. X. 


3 



34 


THE METAL-AMMINES. 


begins to dissociate. Rammelsberg ^ claimed to have obtained the 
pentammino-derivative by exposing dry cupric bromide to dry ammonia 
gas ; increase in bulk took place and a voluminous blue powder was 
formed. This was afterwards proved to be impure hexammino-cupric 
bromide and not the pentammino-derivative. The hexammine de- 
composes partially even at ordinary temperature, and decomposition is 
complete above 115° C.^ 

Diammino -cupric Bromide, [Cu(NH3)2]Br2. — On exposure to 
air hexammino-cupric bromide and other alleged higher ammines lose 
ammonia and are transformed into the more stable diammino-bromide. 

Diammino-cupric bromide is very dark in colour ; it is soluble in 
a concentrated aqueous solution of ammonium bromide, from which it 
may be crystallised ; water alone decomposes the ammine completely. 
It is capable of absorbing ammonia gas, forming the higher ammino- 
derivatives, and it may be heated to 200° C. without decomposition. 
At 260° C. it begins to decompose, and above that temperature it loses 
ammonia, leaving a residue of cupric bromide and some cupric oxide. ^ 

Ammino- cupric Iodides. — A solution of ammonia in water does 
not dissolve cuprous iodide, but if air be allowed access to the mixture a 
blue solution is formed, and if the solution be cooled colourless crystals of 
diammino-cupric iodide separate. From the mother-liquor hydrated 
tetrammino -cupric iodide may be precipitated by means of alcohol. 

Tetrammino -cupric Iodide is produced by adding potassium- 
iodide solution to an aqueous ammoniacal solution of cupric sulphate 
and then saturating the mixture with ammonia gas at 0° C.^ 

Tetrammino -cupric Iodide Monohydrate, [Cu(NH3)4]l2.Il20, 
crystallises in dark blue tetrahedra and decomposes rapidly in air, with 
loss of ammonia and formation of a dark brown compound. If the 
solution of the salt in ammonia be warmed it changes in colour, and, 
on cooling, crystals of decammino-tricupric iodide, [Cu3(NIl3)iQ]Ig, 
separate. This substance on heating is transformed into diammino-cupric 
iodide. 

A polyiodide, tetrammino -cupric polyiodide, [Cu(NIl3) JI24I2, 
is also known. It separates from a solution of tetrammino-cupric 
iodide in ammonia and excess of iodine as a blackish-brown crystalline 
mass.^ 

Ammino -cuprous Chlorides. — It has long been known that 
cuprous chloride is soluble in aqueous ammonia, giving a solution which 
is capable of absorbing carbon monoxide and hence used in gas analysis. 
Cuprous chloride is also soluble in liquid ammonia.^ 

At least five different ammino-cuprous chlorides have been described. 
By studying the vapour pressures obtained by saturating cuprous 
chloride with ammonia and measuring the vapour pressure between 
0° and 150° C., Lloyd found that only three ammino-derivatives existed, 
namely, liexcmwiino-cupr oils chloride, [Cuo(NI-l3)^]Clo ; Irianwiino-cuprous' 
chloride, [Cu2(NH3)3]Cl2 ; m.onammino-cu2yrous chloride, [Cu2(NIT3)JCl2. 

Hexammino -cuprous Chloride, [Cii2(NIl3)(j]Cl2, is" formed by 
exposing cuprous chloride to ammonia gas at temperatures below 0° C. 

^ Rammelsberg, Page/. AnnaUii, 1842, 55, 24 G. 

2 E]3hraim, Ber., 1919, 52, 940. 

^ J). W. Horn, Amer. GJmn. J., 1908, 39, 184. 

Ephraim, Ber., 1921, 54, 385. 

^ Franklin and Kraus, Amer. Che?n. J., 1898, 20, 827. 
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It melts at 123° C., is green in colour, and has a vapour pressure of 
760 mm. at 46-3° C.^ 

Triammino- cuprous Chloride, [Cu 2 (NH 3 ) 3 ]Cl 2 , is prepared by 
saturating cuprous chloride with ammonia gas at low temperature under 
a pressure of 650 mm. It is light brown in colour and melts about 
144° C.i 

Monammino- cuprous Chloride, [Cu 2 (NH 3 )]Cl 2 , is obtained by 
saturating cuprous chloride with ammonia and removing the excess 
until the pressure of the gas is 522 mm. at 90° C., when a dark brown 
powder remains of melting-point 162° C. 

Ammino- cuprous Bromides. — Cuprous bromide forms three 
definite compounds which correspond to the chlorides, namely, hex- 
ammino-citprous bromide, [Cu 2 (NH 3 )gBr 2 ; triainmino-cuprous bromide, 
[Cu 2 (NIT 3 ) 3 ]Br 2 ; and diammmo-cuprous bromide, [Cu 2 (NH 3 ) 2 ]Br 2 . 

Hexammino -cuprous Bromide, [Cu 2 (NH 3 ) 6 ]Br 2 , is made either 
by saturating finely powdered cuprous bromide with ammonia gas at 
low temperature, 2 or by removing ammonia gas from cuprous bromide 
which has been saturated with ammonia till the pressure reaches 
87-6 mm. at 100° C.^ The substance is described by Richards and 
Merigold as a black, unstable powder, whereas Lloyd describes it as a 
green powder of melting-point 115° C. The vapour pressure of the salt 
at 49-3° C. is 760 mm., or, at temperature of 283° C., the dissociation 
pressure is 100 mm.^ 

Ammino -cuprous Iodides. — Cuprous iodide, like the other halides 
of copper, absorbs ammonia gas, forming ammino- compounds. If the 
iodide be saturated with ammonia gas at 0° C. two ammines appear to 
be formed, hexammino-cuprous iodide, [Cu 2 (NH 3 ) 6 ]l 2 , and tri- 
ammino -cuprous iodide, [Cu 2 (NH 3 ) 3 ]l 2 . These are the only com- 
pounds formed according to Lloyd’s examination by measuring change 
of pressure with change of composition. 

Hexammino-cuprous Iodide, [Cu 2 (NH 3 ) 6 ]l 25 is prepared by 
passing dry ammonia gas slowly over cuprous iodide at a temperature 
below 0° C. It is a pale green compound which readily absorbs moisture 
from the air, and, if heated to 51° C., it loses ammonia, assumes a 
dark brown colour, becomes hygroscopic, and is transformed into tri- 
ammino-cuprous iodide, [Cu 2 (NH 3 ) 3 ]l 2 , which melts at 117° C.^ 

The stabilities of the triammino-cuprous halides are almost identical, 
and the dissociation pressures of the ammino-cupric halides lie very near 
together.^ The stabilities of hexammino-copper halides is also almost 
identical ; the compounds are very readily decomposed by water, and 
hence do not seem to be formed in aqueous solution. Ammino-derivatives 
of cupric carbonate, cupric acetate, cupric oxide, and cuprous cyanide 
and thiocyanate are known. These have the general characteristics of 
tlie ammines already described. 

Allied to the cuprammines is Schweizer’s reagent, which is pre- 
pared by dissolving cupric hydroxide in an aqueous solution of ammonia, 
when a deep blue liquid is obtained which has the property of dissolving 

1 S. J. Lloyd, J. Physical Chem., 1908, 12, 398. 

^ Richards and Merigold, Zeitscli. anorg. Chem., 1898, 17, 245. 

3 Lloyd, J. Physical Chem., 1908, 12, 298. 

Ephraim, Ber., 1919, 52, 236 ; Biltz and Stollenwerk, Zeitsch. anorg, Chem., 1921, 
119, 97. 

5 Ephraim, Ber., 1919, 52, 236, 940. 

® Ephraim and Bolle, ibid., 19i5, 48, 1770. 
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cellulose A It is interesting to note that copper is the only heavy metal 
which gives ammino-hydroxides capable of dissolving cellulose. Other 

^ en^^ 

bases, as, for example, [Co en3](OH)3 and I 


(011)3, unable to 


CoHoO 
II 2O 

exert solvent powers on cellulose, from which is drawn the conclusion 
that copper complexes are different in structure.^ 

When freshly precipitated cupric hydroxide is digested with aqueous 
ammonia a blue solution is formed. Dawson and McCrae ^ assume that 
the compound formed is diammino-cupric hydroxide, [Cu(NH3)2](OH)2, 
which ionises in solution yielding [Cu(NIl3)2]“ and (OH)' ions. Bons- 
dorff ^ investigated the electrical conductivity of cupric hydroxide in 
aqueous ammonia, and concluded that when only a small excess of 
ammonia is present the above complex exists in solution, but with 
large amounts of ammonia the complex substance [Cu(NH3)4](OH)2 is 
probably formed. This solution of cuprie hydroxide or cupric oxide 
in aqueous ammonia is often called Schweizer’s reagent. The liquid 
contains one or more cupric ammino-oxides, and the base, which has not 
been isolated, is probably [Cu(NH3)4](OH)2. It is a fairly strong base, 
for cellulose is deposited from solution in ammoniacal cupric hydroxide 
on the addition of a potassium salt. This is possibly due to the acid 
ion of the salt neutralising or replacing the basic ion of the complex. 
Hence cellulose is only soluble in a solution of the free base.® 


Ammino- derivatives of Silver Salts. 

The best known of the silver ammines is the compound obtained by 
dissolving silver chloride in aqueous ammonia. 

In 1818 Faraday obtained a compound by the direct union of pre- 
cipitated silver chloride and ammonia gas. lie found that silver chloride 
absorbed ammonia readily, 6-48 grams of chloride absorbing 2*13 litres 
of ammonia ; the compound had the com2:>osition represented by the 
formula 2AgC1.3NH3, and the ammonia so absorbed was liberated again 
at a temperature of 37 ° C. This was utilised in the preparation of 
liquid ammonia. 

Silver chloride forms with ammonia the following derivatives : — 

Triammino- silver chloride, AgC1.3NH3 or [Ag(NH3)3]Cl ; sesqui- 
ammino-silver chloride, 2AgC1.3NH3 or [Ag2(NH3)3]Cl2 ; and probably 
diainmino- silver chloride, AgC1.2NH3 or [Ag(NH3)2]Cl ; and mon- 
ammino-silver chloride, AgCl.NHg or [AgNIIgjCl. 

Sesquiammino-silver Chloride, [Ag2(NH3)3]Cl2, is prepared by 
allowing ammonia gas to pass over dry powdered silver chloride at a 
temperature of 20° C. Increase in bulk takes place and ammonia is 
absorbed. The compound is white in colour, and when exposed to air 
gradually loses ammonia, leaving, finally, a residue of silver chloride. 
The same derivative is formed by dissolving precipitated silver chloride 
in an aqueous solution of ammonia at 20° C. and then cooling the 
solution to 0° C. or precipitating from solution with alcohol.® It is 

^ Schweizer, J. prakt. Chem., 1857, 72 , 109. 

2 Kurt Hess, Helv, Chim. Acta., 1920, 3 , 866 . 

2 Dawson and McCrae, Trans. Chem. Soc., 1900, 77 , 1257. 

^ Bonsdorff, Zeitsch. anorg. Chem., 1904, 41 , 184. 

^ Bouzat, Compt rend., 1902, 134 , 1502. 

^ Jarry, Compt. rend., 1897, 124 , 288 ; Ann. Chim. Phys., 1899, [7], 17 , 327. 
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a colourless, crystalline substance which, when exposed to air, loses 
ammonia, becomes powdery, and leaves a residue of silver chloride. If 
heated in a sealed tube it fuses between 88° and 95° C., increases in bulk, 
and finally melts at 103° C. Unlike the simple salt the sesquiammine 
is not affected by light. If a solution of silver chloride in aqueous 
ammonia be evaporated quickly the ammine is decomposed and only 
silver chloride separates ; on the other hand, if the liquid be evaporated 
slowly, colourless prisms of the sesquiammine separate. 

Triammino -silver Chloride, [Ag(NIl 3 ) 3 ]Cl. — When silver 
chloride is dissolved in liquid ammonia, in which it is sparingly soluble, 
and the solution evaporated at —40° to — 20° C., long, colourless needles 
of the triammine are deposited.^ The same compound is formed by 
dissolving silver chloride in aqueous ammonia, maintaining the tempera- 
ture between 0° and 20° C.,^ or from highly concentrated solutions of 
silver chloride in ammonia. 

The triammine is colourless, and crystallises in long needles which 
are birefractive and not affected by light. 

Diammino -silver Chloride, [Ag(NPl 3 ) 2 ]CL — If silver chloride be 
heated with concentrated aqueous ammonia in a sealed tube and then 
cooled, crystals separate which were at first regarded as diammino- 
silver chloride.^ The substance was later found to be the sesquiammine, 
which partially dissociates. 

Biltz ^ carried out a series of investigations on the vapour pressures 
of solutions of silver chloride and ammonia, and came to the conclusion 
that silver chloride forms the triammine, [Ag(NH 3 ) 3 ]Cl, at atmospheric 
pressure below 20° C., and the sesquiammine, 2 AgCl(NH 3 ) 3 , at tem- 
peratures between 20° and 60° C. Above 60° C. silver chloride does 
not unite with ammonia. 

Monammino- silver Chloride, [Ag(NIi 3 )]Cl. — Biltz and Stollen- 
werk^ report the existence of the monammine, and state that sesqui- 
ammino- and monammino-silver chloride form mixed crystals at 30° C., 
whilst BodUinder and Fittig ® have shown that a solution of silver 
chloride in aqueous ammonia contains the diammine in solution even 
when solid sesquiammine has separated from the liquid. A certain 
amount of doubt, therefore, surrounds the existence of the monammine 
and the diammine of silver chloride, although both appear to exist in 
aqueous ammoniacal solution. 

Ammino- silver Bromides. — Silver bromide, like the chloride, 
unites with ammonia ; the triammine, | Ag(NIT 3 ) 3 ]Br, the sesquiammine, 
[Ag 2 (NH 3 ) 3 ]Br 2 or 2AgBr.3NH3, the diammine, [Ag(NIl 3 ) 2 ]Br, and the 
monammine, [Ag(NH 3 )]Br, have all been obtained. 

These resemble the chlorides. 

Triammino -silver Bromide, | Ag(NH 3 ) 3 ]Br. — Silver bromide 
treated with liquid ammonia below 4° C. yields the triammine, or it may 
be formed in solution if the bromide be treated with water saturated 
with ammonia gas under pressure.’ 

^ JaiTy, loc. cit. 

2 isambert, Coin ft. rend., 1878, 86, 9()8. 

^ Terreil, ibid., 1884, 98, 1270. 

^ Biltz, Zeitsch. fliysikal. Chein., 1909, 57, 501. 

^ Biltz and Stollenwerk, Zeitsch. anorg. Chem., 1920, 114, 174. 

® Bodliinder and Fittig, Zeitsch. physikal. Chem., 1902, 39, 597. 

^ Jarry, Compt. rend., 1898, 126, 1138; Joannis and Grozier, ibid., 1894, 118, 
1149. 
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The triainmine is a white substance, and on raising the temperature 
above 4° C. passes into the sesquiammine, 2AgBr.3NH3. 

Sesquiammino -silver Bromide, 2AgBr.3NH3 or [Ag 2 (NH 3 ) 3 ]Br 2 , 
is obtained from the triammine on heating between 4° and 34° C., or 
by the action of gaseous ammonia on dry silver bromide. 

It is a white crystalline compound which, like the corresponding 
chloride, is not sensitive to light. It is decomposed by water, and dis- 
sociates at 34° C. with formation of. the monammine. 

Monammino -silver Bromide, [Ag(NH 3 )]Br, is produced on the 
decomposition of the above derivative by heating between the tem- 
peratures 34° and 50° C. Above that temperature it decomposes, losing 
ammonia and leaving a residue of silver bromide. 

Ammino -silver Iodides. — Silver iodide forms the following 

o 

ammino-derivatives : — 

Triammino-silver iodide^ [Ag(NH 3 ) 3 ]I; sesquiammino-silver iodide, 
[Ag 2 (NH 3 ) 3 ]I or 2AgI.3NH3; 7nonam7nino- silver iodide, [Ag(NH 3 )]I; 
liemiammino-silver iodide, [Ag(NH 3 )]I.AgI or 2 AgI.NH 3 . 

These compounds are all unstable and lose ammonia on heating. 
Silver iodide is readily soluble in liquid ammonia, and on evaporating 
the solution at —40° to —10° C. white lamellar crystals of monammino- 
silver iodide separate.^ 

The monammine loses ammonia at 4° C. and is transformed into the 
hemiammine, 2 AgI.NH 3 . Both compounds are unstable, the mon- 
ammine dissociating under ordinary pressure at 3-5° C. and the hemi- 
ammine at 90° C. If treated with water or exposed to moist air ammonia 
is lost and a residue of silver iodide remains. 

Sesquiammino-silver iodide, [Ag 2 (NH 3 ) 3 ]l 2 , and triammino-silver 
iodide, [Ag(NIl 3 ) 3 ]I, have been prepared by Biltz and Stollenwerk,^ 
whereas Ephraim,^ in his investigations on the vapour pressures of 
the triammino-silver salts, denied the existence of triammino-silver 
iodide. 

The ammino-iodides of silver show great tendency to form mixed 
crystals; for instance, sesquiammino-silver chloride and monammino- 
silver chloride form mixed crystals at 30° C.^ 

Comparing the stability of the triammines of silver halides, the 
chloride is more stable than the bromide, and the iodide either does not 
exist or is very unstable. This is contrary to the usual observations in 
the ammines, where the stability of the ammine rises from chloride to 
iodide. In the case of the ammines of the oxy-halogen salts of silver the 
most unstable is the iodate, which is non-existent at ordinary pressure, 
then comes the bromate, and the most stable is the chlorate.^ 

Ammino-derivatives of other Silver Salts. Ammino -silver 
Nitrates. — Silver nitrate unites with ammonia, forming the di- 
ammino- silver nitrate, [Ag(NTl 3 ) 2 ]N 03 , and triamnmio-silver nitrate, 
[Ag(NIl3)3]N03. 

The existence of monammino-silver nitrate is doubtful. 

Rechler, in 1883, obtained a compound containing ammonia which 
was assumed to be the monammine, by adding aqueous ammonia to a 
solution of silver nitrate until a precipitate is formed, filtering off the 

^ Jariy, Ann. Ghim. JPhys., 1899, [7], 17 , 327. 

“ Biltz and Stollenwerk, Zeitsch. anorg. Ghem., 1920, 114 , 174. 

^ Ephraim, Bar., 1918, 51 , 706. 

^ Biltz and StoUenwerk, loc. cit. 
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E^ecipitate, and evaporating the filtrate. This was later proved to be 
the diammine in solid solution with silver nitrate.^ 

Diammino - silver Nitrate , [ Ag (NH3 ) 2]NO 3. — When aqueous 

^mmonia is added to a solution of silver nitrate until the precipitate 
first formed redissolves and the solution is evaporated, a crystalline 
substance separates of composition [Ag(NH3)2]N03. The compound 
Can also be formed by dissolving silver oxide in an ammoniacal solution 
cf ammonium nitrate, or by dissolving silver nitrate in benzonitrile 
^nd passing ammonia gas into the solution. ^ 

fiiammino-silver nitrate forms glistening rhombic or prismatic 
crystals which blacken on exposure to light. It is fairly stable, and may 
fie heated to 100° C. without loss, of ammonia. Further heating causes it 
■to decompose, and finally to melt with evolution of nitrogen and am- 
monia, leaving a residue of metallic silver and ammonium nitrate. It 
is soluble in water, but partial dissociation takes place so that the solution 
is alkaline in reaction, and it therefore yields a precipitate of silver 
chloride and soluble chlorides. Certain of the metals — for example, 
zinc, cadmium, and copper — quickly reduce the ammine in solution to 
xnetallic silver. 

Triammino- silver Nitrate, [Ag(NH3)3]N03. — The compound is 
formed when silver nitrate is exposed to dry ammonia gas ; much heat 
is developed, increase in bulk takes place, and sufficient heat may be 
produced to fuse the mass.^ It exhibits considerable heat of formation, 
is soluble in water, and loses ammonia on heating, dissociating at 63 ° C. 
under ordinary pressure, and is soluble in liquid ammonia below —10° C.^ 
Only the diammine exists in solution, the triammine being completely 
dissociated into the diammine and ammonia. 

Many other ammines of silver salts have been prepared ; thus, silver 
sulphate forms with ammonia diammino-silver sulphate, [Ag2(NIT3)2]S04, 
and tetrammino-silver sulphate, [Ag(NIl3)2]2S04. 

Silver chlorate forms the triammine, [Ag(NH3)3]C103 ; silver 
carbonate the tetramminc, [Ag(NH3)2]2CO 3 ; and silver oxide itself 
forms diammino-silver oxide, Ag20.2NH3, and the hydroxide, 
[Ag(NIT3)2]01T.^ Diammino-silver hydroxide appears to be more 
strongly dissociated than barium hydroxide.^ 


Ammino- derivatives of Gold Salts. 

Gold has a more marked tendency to form complex salts than either 
copper or silver, but the ammines of gold arc somewhat unstable. Gold 
forms two series of salts where the metal is monovalent or divalent 
I'espectively ; from both series of salts ammines have been obtained. 

The ammines of the halides of gold arc taken as the type of the 
mi r ammines. 

Ammino -aurous Chlorides. — Aurous chloride unites with am- 
monia, forming dodeccunmino-aurous chloride, AuC1.12NIT3 ; triammino- 

^ Kuriloir, Bull. Acad, St Pelcrsbarg, 1903, 17 , 149. 

Hantzsch, Zeitsch. anorg. Chem., 1899, 19 , 104. 

Brurii and Levi, Gazzetta, 1916, [2J, 46 , 17. 

^ Joannis and Crozier, Gompt. rend., 1894, 118 , 1149. 

^ Dervin and Ohner, ibid., 1921, 172 , 1662. 

s Bonsdorff, Ber., 1903, 36 , 2322. 
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aurous chloride, AUCI.3NH3 ; diammino-aurous chloride, AUCI.2NH3 ; 
and 7nonammino- aurous chloi'ide, AUCLNH3. 

When aurous chloride is mixed with liquid ammonia at a temperature 
below — 28 ° C. the salt absorbs ammonia, yielding an addition compound 
containing twelve molecules of ammonia, AUCI.12NH3. This substance 
is stable only below — 28 ° C., and when the temperature rises to +20° C. 
nine molecules of ammonia are eliminated, forming the compound 
triammino -aurous chloride, [Au(NH3)3]Cl.^ 

Prepared in the above manner, triammino -aurous chloride is a white 
powder which is comparatively stable. It may be heated to 180 ° C. 
without decomposition, but above that temperature it dissociates, 
yielding gold and ammonium chloride. It is decomposed by water, and 
dilute acids cause it to lose ammonia with formation of the unstable 
monammino-aurous chloride. When treated with potassium hydroxide 
ammonia is evolved and a brown explosive substance formed. 

Diammino -aurous Chloride, [Au(NH3)2]Cl, is formed by 
saturating dry aurous chloride with ammonia gas at ordinary tempera- 
ture. The diammine is a white voluminous powder, and has dissociation 
temperature 113 * 5 ° C.^ 

Monammino-aurous Chloride, [Au(NH3)]Cl. — When aurous 
chloride is dissolved in an aqueous solution of ammonia and the mix- 
ture acidified with hydrochloric acid a white crystalline precipitate 
separates ; the precipitate is unstable and cannot therefore be com- 
pletely dried. ^ 

Monammino-aurous chloride is a white crystalline powder, sparingly 
soluble in water, soluble in an aqueous solution of ammonia, and pre- 
cipitated by the addition of hydrochloric acid. It is unstable in the dry 
state, and decomposes completely on heating between 150 ° and 200° C. 
Aurous bromide and aurous iodide also unite with ammonia. The former 
yields only one ammino-derivative, the diammine, [Au(NTl3)2]Br, and 
the latter two ammino-derivatives, namely, he^i^mmino -aurous iodide, 
[All (NH 3)0] I, and monammino-aurous iodide, [Au(NH3)]I. 

Diammino -aurous Bromide, Au(NH3)2Br, may be formed by 
passing ammonia gas over aurous bromide at a temperature of 18 ° C. 
If the temperature be allowed to rise the ammine is decomposed, and 
metallic gold, nitrogen, and ammonium bromide arc formed. The 
ammine is a white powder which readily decomposes on heating, on 
exposure to air, or on treatment with water. ^ 

Hexammino- aurous Iodide, [Au(NH3)6]I. — When liquid or 
gaseous ammonia is allowed to act upon aurous iodide a white crystalline 
or powdery substance is obtained containing ammonia and having the 
composition AUI.6NH3. It decomposes at — 28 ° C. under ordinary 
pressure, and if heated from — 28 ° C. to + 20 ° C. it loses five molecules of 
ammonia and is transformed into the monammine, [Au(NIT3)]I. 

The monammine is stable at ordinary temperature, but on heating 
decomposes, yielding ammonia, iodine, and gold, and on treating with 
water breaks down into ammonium iodide and metallic gold. 

Ammino-derivatives of Auric Salts and Oxides. — Auric chloride, 
like platinic chloride, combines with hydrochloric acid and alkali 
chlorides with formation of chlorauric acid, HAUCI4, and alkali chlor- 

^ Meyer, Compt. rend., 1900, 143 , 280. 

^ Ephraim, Ber., 1919, 52 , 252. 

^ Diemer, J. Amer. Chem. Soc., 1913, 35 , 552. 
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aurate, for example, KAUCI4. Potassium chloraurate, KAuCl^, slowly 
absorbs ammonia, yielding an orange compound, potassium triammino- 
cliloraurate, KAuCl4.3NI-l3, which loses ammonia in vacuo . At a 
temperature of —-18° C. potassium chloraurate absorbs a larger amount 
of ammonia, forming an orange-red compound containing twelve mole- 
cules of the gas. This substance immediately decomposes in water 
with evolution of nitrogen. 

It is suggested that substances such as potassium chloraurate are 
dissociated first by ammonia into simple halides, for the alkali chlor- 
aurates and bromaurates behave towards ammonia like the auric 
salts.^ Auric bromide, obtained by dissolving precipitated gold in 
bromine, also absorbs ammonia, the amount depending on the 
temperature. 

Several explosive nitrogen compounds of gold have long been 
known ; thus, when concentrated ammonia is added to auric oxide the 
substance fulminating gold is produced which has the composition 
AUN2PI3.3IT2O. This derivative is an ammine possibly of comi)osition 
[Au(NH3)2(OH)2jOH. When ammonia is added to an aqueous solution 
of auric chloride an explosive substance is produced which is a mixture 
of fulminating gold with imino-auric chloride, Au(NH)CL 

Pure fulminating gold is best prepared by treating auric hydroxide 
with concentrated ammonia and drying over phosphorus pentoxide ,* 
it is a dark, olive-green powder which explodes on heating or on per- 
cussion. Weitz ^ has examined the explosive nitrogen compounds of 
gold, has criticised the formuhc adopted for these substances, and has 
attempted to formulate these compounds in accordance with, the co- 
ordination theory. 

By treating an aqueous solution of chlorauric acid with ammonia 
a precipitate is obtained containing gold, nitrogen, and chlorine ; as 
the amount of ammonia is increased the quantity of chlorine in the 
precipitate diminishes, but the ratio of gold to nitrogen remains constant 
at 1:1-5. The precipitate obtained in this way is given the general 
name of explosive gold chloride. It seems to be a mixture of two 
substances in varying proportions, the two being diamino -imino- 
diauric chloride, NH(AuClNIT2)2, and sesquiammino -auric oxide, 
AU2O3.3NIT3. From the mixture the chlorine-free substance has been 
isolated, and, when dried in air, has the composition 2Au(OH)3.3NH3 
or [2 Au(NH3).j](OH) 3. It is comparatively stable, but if dried at 105° 
to 110° C., or in vacuo over phosphorus pentoxide, it loses water, and 
in the dry condition is exceedingly explosive. Other mixtures have 
been obtained where nitrate or bromide radicle takes the place of 
chlorine, and again the ratio of gold to nitrogen is 1 : 1*5. 

If dilute chlorauric acid containing ammonium chloride is added to a 
cold saturated solution of ammonium chloride saturated with ammonia 
only one compound is obtained, namely, diamino-aiiric chloride, 
Au(NH 2)2C1. This is a yellow powder which is non-explosive and is 
decomposed by washing with water, forming a derivative of aurous 
oxide of composition 3Au0.2NIT3.aTl20, which is explosive. 

Both diamino-imino-diauric chloride, NH(AuC1NH2)2j and diamino- 
auric chloride, Au(NIT2)2^'^ if treated with successive quantities of 

1 Peters, Ber., 1908, 41 , 3182. 

“ Ephraim, ibid., 1919, 52 , 241. 

^ Weitz, Annalen, 1915, 410 , 117. 
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aqueous ammonia are converted into sesquiammino -auric hydroxide, 
[2 Au(NH 3)3](OH)3, and this, if treated with hot water, is transformed 
into the explosive compound AU2O3.2NH3, to which Weitz gave the 
name monammino-auric oxide. Warm dilute hydrochloric acid trans- 
forms the sesquiammino-auric hydroxide into chlorauric acid, explosive 
gold chloride being formed as an intermediate product. The hydroxide 
is scarcely attacked by dilute sulphuric acid in the cold, but on warming 
ammonia is eliminated and the explosive product obtained. Cold con- 
centrated sulphuric acid and nitric acid do not decompose the complex, 
but transform it into the sulphate or the nitrate. 

Several tetrammino -derivatives of gold salts have been prepared. 
When dilute chloraurie acid saturated with ammonium nitrate is 
added to a cold saturated solution of ammonium nitrate and the 
mixture treated with ammonia gas at ordinary temperature, a pre- 
cipitate of tetrammino -auric nitrate, [Au(NH3)4](N03)3, is obtained. 
Tetrammino-auric nitrate is soluble in water and may be crystallised 
from warm water. It may be precipitated from solution by the addition 
of any soluble nitrate, but with potassium, sodium, or ammonium 
nitrate it forms double salts. Thus, potassium nitrate if added to 
a concentrated solution of tetrammino-auric nitrate forms the com- 
pound [Au(NH 3)4](N03)3.KN03, which crystallises from solution in 
needles. 

Tetrammino-auric nitrate is comparatively stable, and may be 
converted into other salts containing the cation [Au(NIl3)4]'" on the 
addition of soluble salts of the acid required. 

Tetrammino-auric Phosphate, [Au(NH3)4]P04.H20, is a 
white crystalline substance ; tetrammino-auric perchlorate, 
[Au(NH 3)4](C104)3, forms short prismatic crystals, and is claimed to 
be specially useful for the preparation of other tetrammino-auric 
salts. 

Salts have also been obtained containing more than one acid radicle 
combined with the cation, [Au(NIl3)4]'’‘. For example, tetrammino- 
auric oxalate perchlorate, [Au(NH3)4](C204)(C104), which crystallises 
in leaflets, and tetrammino-auric sulphate nitrate, monohydrate and 
dihydrate, [Au(NH3)4](S04)(N03).H20, [Au{mi,)^\{SO^){NO,). 2 lLp, 
The salts containing the tetrammino-auric radicle are all very stable, 
and retain ammonia even when treated with concentrated acids. The 
salts of the strong acids have a neutral action in solution. The corre- 
sponding hydroxide, namely, tetrammino-auric hydroxide, has not 
been isolated, but as the nitrate is more soluble in aqueous alkali 
hydroxide than in water and is precipitated from the alkaline solution 
on addition of nitric acid, it is possible that tetrammino-auric hydroxide, 
[Au(NH 3)4](OH)3, exists in solution. 

When an alkaline solution of tetrammino-auric salt is kept it becomes 
yellow in colour, and a yellow precipitate which is explosive is formed. 
This appears to have composition similar to that of exi)losivc gold 
chloride. 

The halogen acids do not form salts with the tetranimiiio-aurie ion 
in solution, for if an aqueous solution of potassium chloride be added 
to tetrammino-auric nitrate a yellow colour is produced, and a yellow 
precipitate formed which apparently is a derivative of explosive gold 
chloride. 

Salts of hydrobromic and hydriodic acid produce similar results. 
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AMMINO-DERIVATIVES OF THE ALKALI METAL SALTS. 

With the exception of lithium the alkali metals do not readily form 
ammines. 

Sodium and potassium chlorides absorb ammonia, but there is no 
evidence of chemical reaction, and on exposure to air ammonia is 
completely lost. If, however, sodium chloride is dissolved in liquid 
ammonia at —10° C. and the solution evaporated at —24° C., small 
needle-shaped crystals separate which have a composition corresponding 
to pentammino- sodium chloride, [Na(NH 3 ) 5 ]CL Lithium salts, on 
the other hand, readily absorb ammonia, forming ammino- derivatives. 

Ammino -lithium Halides. — Lithium halides absorb gaseous 
ammonia in the dry state. The chloride forms four compounds de- 
pending on the temperature at which absorption takes place. Below 
13° C. tetrammino-lithium chloride, [Li(NH 3 ) 4 ]Cl, is produced. Triam- 
mino-lithium chloride, [Li(NH 3 ) 3 ]Cl, is formed between 20° and 60° C. ; 
diammino-lithium chloride, [Li(NH 3 ) 2 ]Cl, between 60° and 85° C. ; and 
at 85° C. the monammine, [Li(NH 3 )]Cl, is produced. These are white 
unstable substances.^ 

Lithium bromide also combines with gaseous ammonia to form four 
solid deliquescent substances. The monammine, [Li(NH 3 )]Br, is formed 
above 95° C. ; the diammine, [Li(NH 3 ) 2 ]Br, between 87° and 95° C. ; the 
triamjnine, [Li(NH 3 ) 3 ]Br, between 71° and 87° C. ; and the tetrammine 
about —18° C.2 Ephraim prepared other ammino-salts of lithium, 
as, for example, tetrammino-lithium nitrate, [Li(NE[ 3 ) 4 ](N 03 ), which is 
a colourless syrup at ordinary temperature and is more stable than the 
chloride ; tetrammino-lithium chlorate, [Li(NH 3 ) 4 ]C 103 , which is a fairly 
mobile liquid ; and tetrammino-lithium perchlorate, [Li(NH 3 ) 4 ]C 104 , a 
white solid which liquefies and decomposes at ordinary temperature.^ 

^ Bonnefoi, Oomiyt. rend., 1898, 127, 367. 

- Bonnefoi, ibid., 1900, 130, 1394. 

^ Ephraim, Ber., 1919, 52, 236. 
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METAL-AMMINES OF THE ELEMENTS OF GROUP II. 


Relatively few ammines occur in this group. The alkaline earth 
metals, namely, Subgroup A, show little tendency to form complex 
salts, A few have been prepared, such as strontium fluorochloride, 

SrFg.SrCla, or potassium tetrachlorobari- 
ate, K2BaCl4, but these are not readily 
formed. The subgroup further shows little 
tendency to unite with ammonia, and the 
ammino- derivatives obtained are very un- 
stable. Beryllium and magnesium, on the 
other hand, form double salts and com- 
plex salts analogous to the metal-ammines, 
and some ammino-compounds are known. 
In the Subgroup B the tendency to form 
complex salts and metal-ammines is much 
more marked. Zinc forms many complex salts and also several am- 
mines ; cadmium forms ammines similar to those of zinc ; whilst mercury 
forms compounds with ammonia of various types, some of which have 
been classified as additive compounds of the metal-ammine type. 


Beryllium, 

Magnesium. 

Subgroup A. 

Subgroup B. 

Calcium. 

Zinc. 

Strontium. 

Cadmium. 

Barium. 

Mercury. 


AMMINO-DERIVATIVES OE BERYLLIUM AND MAGNESIUM SALTS. 

Although beryllium and magnesium salts do not form stable metal- 
ammines yet they unite with ammonia, forming additive compounds 
of the hydrate type which are sometimes referred to as amnioniates or 
anunonio-compounds. These appear to be of the same type as the 
metal-ammines, and the difference seems to be merely one of stability. 
The ammonio-compounds are formed by the addition of arnmonia gas 
to dry or fused salt, and most of them decompose with liberation of 
ammonia when dissolved in water. 

Ammino -derivatives of Beryllium Salts. 

The halogen salts of beryllium unite readily with ammonia, yielding 
various products. 

Hexammino -beryllium Chloride, BeClg.ONHg or [ Be(NlLj)(j]Cl2, 
is formed by treating dehydrated beryllium chloride with ammonia 
gas until no further increase in weight occurs.^ Beryllium chloride 
which has been sublimed, on treatment with ammonia gas in the cold 
forms tetr ammino -beryllium chloride, [Be (NH 3)4] Cl 2, and, if the 
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temperature is allowed to rise during absorption of ammonia, di- 
ammino-beryllium chloride, [Be(NH3)o]Cl2, is formed. ^ 

Beryllium bromide also absorbs gaseous ammonia and the iodide 
unites with dry ammonia. If dry gas be passed slowly over beryllium 
iodide in the cold, increase in bulk takes place, and a white powder 
of composition 2Bel2.3NH3 is left. By slightly warming and passing 
more ammonia gas over the compound a further quantity is absorbed 
and a white crystalline mass is formed. 

Only the halogen salts of beryllium appear capable of uniting with 
ammonia. 


Ammino- derivatives of Magnesium Salts. 

Magnesium salts, like those of beryllium, can absorb ammonia gas, 
forming additive products distinct from the ammonium double salts. 
Thus, magnesium chloride forms double salts with ammonium chloride 
and absorbs ammonia gas, forming ammines containing four or six 
molecules of ammonia. 

Tetrammino -magnesium Chloride, [Mg(NH3) JCl^. — This com- 
pound is produced when magnesium chloride is volatilised in a stream 
of ammonia gas ; the ammine condenses as a white meal of com- 
position MgCl2.4NH3. It decomposes quickly with loss of ammonia 
if exposed to air, but is capable of sublimation in an atmosphere of 
ammonia. 

Hexammino -magnesium Chloride, [Mg (NIT 3)3] Cl 2, is formed 
by saturating pure, dry magnesium chloride with ammonia at room 
temperature. The substance produced is extraordinarily voluminous. ^ 
The same compound is obtained by exposing specially dry magnesium 
chloride to ammonia gas for fifteen hours at room temperature.^ It 
dissociates at 142 *^ C. into the diamniine, [Mg(NH3)2]Cl2. Determina- 
tions of heats of formation during the addition of ammonia show the 
existence of diajyimino- and monammino-magnesium chlorides. 

Aquo-pentammino-magnesium Chloride, [Mg(NIl3)5H20]Cl2. 
— A colourless crystalline aquo salt is described which is produced by 
passing ammonia gas into an alcoholic solution of magnesium chloride 
at ordinary temperature.^ 

Magnesium bromide and iodide unite with ammonia, forming 
salts corresponding to the chloride, but the monammine of mag- 
nesium iodide does not appear to exist. ^ Complex salts containing 
hydroxylamine, pyridine, and cthylenediamine in place of ammonia have 
been prepared.^ Also some complex salts of magnesium sulphate 
containing ammonia are known. Thus, tetraquo<liain:mi 7 io-m.agnesium 
sulphate, [Mg(NIT3)o(H20)4|S04, and triaquo-triammi'm- 7 nagm sul- 
phate, [Mg(NIl3)3{H20)3]S04. 


AMMINO-DERIVATIVES OF SALTS OF SUBGROUP A. 

The halides of these elements absorb ammonia readily. 

1 Mieleitner and Steinmetz, Zeitsch. anorg. Chem., 1913, 80, 71. 

2 Ephraim, Bar., 1912, 45, 1322. 

^ Biltz and Hiittig, Zeitsch. anorg. Chem., 1921, 119, 115. 

Spacu and Ripan, Bui. Soc. Stiinte. Cluj., 1922, i, 267. 

^ Spacu and Ripan, ibid., 1922, i, 72, 247. 
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Ammino- derivatives of Calcium Halides. 

Calcium chloride forms with ammonia octammino-, hexammino-, 
tetrammino-, and diammino-calcium chloride, the best known of these 
being the octammine. 

Octammino -calcium Chloride, [Ca(NH3)8]Cl2. — ^Anhydrous cal- 
cium chloride absorbs ammonia rapidly, increase in bulk takes place, 
and finally the mass falls to a white voluminous powder. Fused calcium 
chloride also absorbs ammonia at first rapidly, but as the reaction nears 
completion absorption is very slow. The composition corresponds to 
the octammine. 

Octammino-calcium chloride decomposes on heating with complete 
loss of ammonia ; it dissolves in water with loss of ammonia, although 
from physical measurements it has been shown that the dissolved cal- 
cium ion is capable of fixing some ammonia, ^ If brought into chlorine 
gas it inflames with liberation of nitrogen and hydrochloric acid. 

Hexammino -calcium Chloride, [Ca(NH3)g]Cl2, is not stable, 
but tetrammino-calcium chloride, [Ca(NH3)4]Cl2, and diammino-calcium 
chloride, [Ca(NH3)2]Cl2, exist in the stable state. ^ 

The corresponding bromide addition compounds have been pre- 
pared, namely, octammino-calcium hromicle, [Ca(NH3)8]Br2 ; hex- 
ammino-calciwn bromide, [Ca(NH3)6Br2 ; diammino-calcium bromide, 
[Ca(NH3)2]Br2 ; and monammino-calcium bromide, [Ca(NH3)]Br2. 

All four dissociate on heating, with loss of ammonia. The hexamminc 
is formed by absorption of ammonia gas by anhydrous calcium bromide. 

Ammino-derivatives of Strontium Halides. 

The halides of strontium resemble those of calcium, and unite with 
ammonia gas in the dry state. All are decomposed by water with 
liberation of ammonia. The chloride, on exposure to ammonia gas, 
yields octammino -strontium chloride, [Sr(NIT3)8]Cl2. It is a 
voluminous white powder which loses ammonia on heating, leaving a 
residue of strontium chloride. If degraded isothermally, constancy of 
pressure indicates the existence of monammino -strontium chloride, 
[Sr(NH3)]Cl2, which on further heating loses ammonia completely. 
The monammine at a temperature of 45 - 5 ° C. has a dissociation pressure ® 
of 100 mm.^ 

Strontium bromide also absorbs ammonia in the dry state, yielding 
octammino -strontium bromide, [Sr(NTl3)8]Br2, and if this ])e 
degraded isothermally, the existence of the diamrnine, [Sr(Nn3)2]Br, 
and the monammine, [Sr(NH3)]Br2, may be shown. The temj^eratures 
at which these ammines exert a dissociation pressure of 100 mm. arc 
30 °, 68°, and 146 ° C. respectively.^ 

The existence of the following ammino iodides has been proved in 
the same way : octammino-strontm 7 n iodide, [Sr(NH3)8]l2 ; hexammino- 
strontium iodide, [Sr(NH3)6]l2 ; diammino-strontium iodide, [Sr(NH3)2]f2; 
and mona^nmino-strontium iodide, [Sr(NIl3)]l2. 

1 Konowaloff, J. Russ. Phys. Cliem. Soc., 1899, 31, 1910. 

2 Dawson and McCrao, Trans. Qhemi. Soc., 1900, 77, 1240. 

^ Hiittig, Zeitsch. anorg. Ghem., 1922, 123, 31. 

Hiittig, ibid., 1922, 124, 322. 
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The temperatures at which the dissociation pressure of these is 
100 mm. are 31 °, 75 °, 134 °, and 204 ° C. respectively. 

The ammino-iodides behave towards water and heat like the 
chlorides. 

Ammino- derivatives of Barium Halides. 

The following ammino-barium halides have been described : 

Tetrammino-bariu 7 n chloride, [Ba(NH3)4]Cl2 ; octanvmino-bariurn 
bromide, [Ba(NH3)8]Br2 ; hexammmo-barium iodide, [Ba(NH3)g]l2. 

Barium chloride under ordinary conditions absorbs gaseous ammonia 
very slowly, but under pressure it absorbs considerable quantities of 
ammonia gas, which is very quickly lost on exposure to air. 

Tetrammino -barium Chloride, [Ba(NH3)4]Cl2, is prepared by 
melting barium chloride in a stoppered tube and, whilst it is still warm, 
condensing on it liquid ammonia. Ammonia is absorbed, and when 
reaction is complete the tube is heated to 0 ° C. and excess of ammonia 
allowed to escape. The residue is tetrammino-barium chloride. This 
loses ammonia on exposure to air, and by measuring the dissociation 
pressure Joannis ^ showed that compounds containing fewer than four 
molecules of ammonia do not exist. 

Octammino -barium Bromide, [Ba(NH3)8]Br2. — This compound 
is prepared in the same way as tetrammino-barium chloride by condensing 
ammonia on fused barium bromide at — 30 ° C. and allowing the excess 
of ammonia to escape at 0 ° C. On exposure to air ammonia is com- 
pletely lost. ^ According to the investigation of Huttig,^ barium bromide 
forms four ammino derivatives, namely, the octammine, [Ba(NH3)8]Br2 ; 
the tetrammine, [Ba(NH3)4]Br2 ; the diammine, [Ba(NH3)2]Br2 ; and 
the monammine, [Ba(NH3)]Br2. Whilst the following derivatives of 
barium iodide exist, namely, the decammine, [Ba(NH3)io]l2 ; the non- 
ammine, [Ba(NPl3)9]l2 ; the octammine, [Ba(NIi3)8]l2 ; the heptam- 
mine, [Ba(NH3)7]l2 ; the hexammine, [Ba(NH3)(>]l2 ; the tetrammine, 
[Ba(NH3)4]l2 ; and the diammine, [Ba(NH3)2]l2- 

The method used in examination of these ammines is described by 
Biltz and Hiittig.f , ■ , ” ; r 

THE AMMINES OF ZINC, CADMIUM, AND MERCURY. 

The tendency to form complex salts is^ more-marked for these elements 
than for those of the alkaline earths or the first two members of the 
group, and the ammino -derivatives are more stable than those just 
descrilied. 

Ammino -derivatives of Zinc Salts. 

Zinc halides unite with ammonia, readily forming a number of metal- 
ammines containing one, two, four, five, or six molecules of ammonia 
for every molecule of zinc salt. The ammino-derivatives of the chlorides 
are best known, although some of these described appear to be of doubtful 
individuality. 

Monammino-zinc Chloride, [Zn(NH3)]Cl2. — The compound was 
first obtained by Deherain, who prepared it by allowing ammonia gas 
to act upon anhydrous zinc chloride. It may be prepared by distilling 

^ Joannis, Gompt. rend., 1891, ii 2 , 339. 

- Hiittig, Zeitsch. anorg. Chem., 1922, 125 , 209. 

^ Biltz and Hiittig, ibid., 1919, 109 , 111. 
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iiammino-zinc chloride, [Zn(NH3)2]Cl2, or tetrammino-zinc chloride, 
■Zn(NH3)4]Cl2; both derivatives lose ammonia, leaving a residue of the 
nonammine, which becomes partially crystalline. 

Monammino-zinc chloride is a white crystalline solid which is very 
lygroscopic. It may be distilled at a red heat without decomposition 
ind is stable in air ; on treatment with water it is decomposed, yielding 
:etramminO“Zinc chloride and zinc oxychloride. 

Diammino-zinc Chloride, [Zn(NH3)2]Cl2, is obtained by evapora- 
ion of the solution from which the tetrammino-derivative is separated 
see under). It may also be prepared by heating tetrammino-zinc 
ihloride to a temperature of 149 ° C., or by dissolving zinc in an aqueous 
lolution of ammonium chloride with the aid of metallic copper or silver, 
)r by passing ammonia gas into a concentrated solution of zinc chloride 
n acetone.^ 

Diammino-zinc chloride crystallises in glistening prisms which are 
table in air but lose ammonia on heating. It is not completely soluble 
n water, but may be recrystallised from a hot aqueous solution of 
immonium chloride. In the moist state it gradually decomposes with 
ormation of zinc oxychloride. This ammine was at one time regarded 
,s one of the substances found in the Leclanchc cell, but Davis ^ after- 
guards contradicted the statement. 

Various hydrated diammino derivatives have been dcseri})cd, such 
,s [Zn(NH3)2]Cl2.H20, [Zn(NH3)2]€l2.rIl20, and [Zn(NIl3)2]Cl2.in20,^ 
•ut these are doubtful. 

Tetrammino-zinc Chloride, [Zii(Nri3)4]Cl2, is produced by 
•assing ammonia gas into a hot concentrated solution of zinc chloride 
util the prcci])itate first formed dissolves ; on cooling the liquid, pearly 
rystals of [Zn(NH3)4]Cl2.IT20 separate.'^ The tctramminc is unsta])le 
nd easily loses ammonia, forming the more stable lower ammine. It 
; decomposed by water, but may ])e rcerystallised from an ammotiiaeal 
olution. The existence of tetrammino-zinc chloride is eonlirmcd by 
xamining the dissociation ])ressure.''' 

Pentammino-zinc Chloride, |Zn (Nil 3)51(1 2-112^^5 may be ob- 
lined by dissolving zinc chloride in cold (‘oncentrated acpieous ammonia, 
r by passing ammonia gas into a, solution of zinc chloride. The sul)- 
:a,nee crystallises in large oetahedra, which are deli(|ueseent and rapidly 
)se ammonia on ex|)osure to air. 

Hexammino-zinc Chloride, | Zn(Nn3)(; jCIo, cannot be formed in 
>lution, hut if ammonia gas b(‘ pass(*(I over dry zinc chloride^ inerc^asc 
i volume takes |)la(*(‘, h(‘at is d(‘veloped, and lu^xanunino-zine chloride 
obtained.''* It is not stahh* and (‘asily dissoeiat<‘s.^‘* 

Ammino-zinc Bromides. 11 i(‘ ammino-d(‘ri vat i\ es of zinc 
roinide are unstable and (‘asily d(‘coinp()S(‘d. I )iammino-zin(i })ronii{l(‘, 
Cn(Nn3)2|Hr.H is th(^ Ix'st known of thes(‘ amniines. It may pro- 
ii(‘(‘d in colourk‘ss oetalu'dral c*ryslals, wlum a. concamtrated solution 

zinc bromide^ is treaUnl with a<|U(‘ous ammonia. It is ({(‘compostal 
)m])letely hy warm water, whilst on healing alone it melts and loses 
ninonia. 

^ Nauinaiin, Her., 11)04, 37 , 4 ‘t‘tS. 

“ Davis, Ckvm. 1S72, 25, 'li'uy, 

Andre, A?in. ('him. ISS4, |(>|, 3 , 00; Kan<s 1S,39, {2|, 72 , 290. 

^ lUaneliard, J. Ainrr. (Jhem. <S'or., 1904, 26 , ia2(>. 

•' KurilolT, Zfiisrh. anorg. ('hcni.^ 1S97, 15 , ,344 ; .4??/?. ('him. Phgs.., 1900, 7 , OOS. 

•’ (Urmut. mid., 1902 . I'z6. 1290 . 
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Ammino-zinc Iodides. — These arc prepared in tlic same way 
as those of zinc chloride. Peiitainmiiio-zinc iodide, | Zn(Ni r.^)^ ]To, and 
he;imn)nino--zine iodide, | Zn(Nn .j)(. |Io, are easily olrl ained. 

Pentammino-ziiic Iodide, | Zn(Nn.j) 3 |i o, is TornKul by passino- 
dry annnonia <»'as over dry zinc, iodides; increase in volnnu^ takers places 
and rise of teinj)era.tiire. The pentainininc is nnstahle and is rcaidily 
decomposed l)y water. A liydrate which doc‘s not (^asily decompose 
on treatment with wafer, |Zn(NILj)5][o.*5ll2l^ is formed by the action 
of an aqueous solution of ammonium iodide and ammonia on zinc 
oxide. ^ 

Tetrammino-zinc Iodide, |Zn(Nn.j)^]l 2 , is |)repared ])y dissolvinif 
zinc iodide in aqueous ammonia and evaj)oratin_fjf the solution, when 
white i^listenino' lealUts containino’ no water se|)a,ratc. Tlie crystals 
are stal)lc in air but deeom])ose on heatino*. They dissohm easily in 
acids and are decomposed by cold water. 

Ammino-zinc Sulphates. — Zinc sulphate forms, witli ammonia, 
pcntaniniwo-zinc , sulphate, | Zn(Nir.j)r,^SO,, ; fetrani}iriii(><zine sulphate, 
|Zn(Nnjj).i]S 04 ; and dicnniuhio-zine sulphate, | Zn(N I l; 5 ) 2 |S().|. 

Pentammino-zinc Sulphate, | Zn(Nn.j),r, |S().i, is formcal by 
allowing* anhydrous zinc sulpha, to a,bsorb dry arnuKaha, ^as ; luait is 
develoj)ed, tlie su))slanc(‘ incr(‘as(‘s in and a, wliiU^ powde^r is 

obtained. The c<)mj)ound is soluble in wat(‘r, bul. gradually (l(‘Compos(‘s 
with rormation of zinc hydroxides 

Tetrammino-zinc Sulphate, |Zn(NlI;j).JS(),i, is produced by 
])assin<i;' animonia. oas into a. w<‘!l-cook‘d solulion of zinc sulphaU^ in 
a([ueous a,rtnnoiiia. A pn^cipi ta.t(i of small Icllial n(‘(‘dl(‘s is foruH'd, 
consisting’ ol.' tlu^ trihydra.tci of the tetrafiuuifie, | Zn(Nn .j),, |S( *H I ^O. 
A dihydra, t(^ ol* llu‘ animiiu; has also Ixam oblaimal. I (‘l.raitmiiiu' 

is unstabl(‘ in air and los(‘s ammonia, naulily. 

Diammino-zinc wSulphate, | Zn(Nn. 5 ) 2 l^'^^ Vn oblaimxl by k(‘(‘pin^^ 
the tel.rammin(‘ a,(, il s nieli in<X"poinl. for som<^ linus A I. hiidua* lem- 
p(a’atur(‘s animonia. is comj)h‘i(‘ly (‘liminaled, and on h<‘alin,<^’ Mu* 
diainmiiK' wil h walia* it. d(‘comj)o.s(‘s, wilh ibrinalion of I h(‘ oxy-salt ol‘ 
zinc, I (‘I rammino-zinc sulphal is and a.nmioniuin sulpIiaUs 

A hydraUal form ol’ l h(‘ compound | Zn( N 11 .,)o|S( ),,. 11 .,0 is also 
(leserilxal, and if a. solulion of Ibis b(‘ (‘va poi’a I (xl slowly al ordinary 
l(‘mperalur(‘, (ransparenl. crvslals of hvdrabxl l(‘l rammino-zinc sul- 
pha( <s I Zn(N \ I ,j),, |S().i. Id! A l/aiv fonmxl.* 

Zinc suljihiU* also iinih’s wilh ammonia, rormini»‘ tiioua nun i uo-zi N(' 
sulphile, I Zn(N II j{) |S( ; dianiniino-ziitr sal phit(\ | Zn ( N II ).} ; and 
trUouuiiiio-zine sal jthife, | Zn(N 1 1 .-d.-ilSI 

Ammino-zinc Nitrates an' oblaim'd in llu' sanu' way as I he 
ammino-zinc chlorides. liy saluralinn' a coiuxail ral (xl solul ion of zinc 
nil.i‘at(' wilh ammonia al low I (‘inpi'ra.l un‘, a. (x>loiirl<‘ss cryslallim* sub- 
staiKX' s(‘paral(‘s which is b'l rammino-zinc nil rah*, | Zn ( N 1 1 .. ) , |( NO.j)^. 
ir mor(‘ ammonia is uscxl and lh(‘ I cmpi'ral mx' is k<‘pt Ix'low 0 " G., hex - 
ammino-zinc nil rale, | Zn{Nd I ..)(;!( is obl.aimxl. 

l^iphraim and I iolh* (‘xamim'd I h<‘ si abilil y of I hi' zinc-ainmim'S and 
Found I hat Hut h'ltpx'ral.ures al wliich llu' hexammiiu' and pi'nlainminc 
sails oF zinc* d(xxunpos(‘ decr(‘as(‘ in lh<‘ord(‘r : iodid<‘, bromidt', chlorid(‘, 

' 'l’a:dl!y, ('oinpl. nud., ISlKi, 122, .‘ilia. 

" I'ipht’nirti inwl I>(»llc, /w/'., 1915,48, 019. 
iq>hniinj and ihid., 1915, 48 , OliS. 
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thiosulphate, perchlorate, sulphate, nitrate, oxalate, chlorate, nitrite. 
The metal-ammines of copper are most nearly related to the zinc- 
ammines in stability. A large number of compounds of zinc with 
organic bases in place of ammonia are known. 

Ammino- derivatives of Cadmium Salts. 

Cadmium salts form with ammonia addition compounds which 
correspond, for the most part, to those of zinc. 

Ammines of Cadmium Halides. — Cadmium chloride unites 
with ammonia with formation of the following compounds : Mon- 
ammino- cadmium chloride, [Cd(NH3)]Cl2 ; diammino-cadmium chloride, 
[Cd(NH3)2]Cl2; triammino-cadmium chloride, [Cd(NH 3 ) 3 ]Cl 2 ; tetram- 
mino -cadmium chloride, [Cd(NH3)4]Cl2 ; hexammino-cad^nimn chloride, 
[Cd(NH3)e]Cl2.i 

Monammino -cadmium Chloride, [Cd(NH3)]Cl2, is formed when 
diammino-cadmium chloride is distilled. 

Diammino-cadmium Chloride, [Cd(NH3)2]Cl2, has been obtained 
in several ways. If cadmium chloride be dissolved in hot aqueous 
ammonia and the liquid cooled, a crystalline substance separates which 
is a mixture of diammino-salt and cadmium hydroxide ; if, however, 
a clear aqueous solution of cadmium chloride be saturated with ammonia 
gas and allowed to evaporate spontaneously, the diammine is obtained 
free from hydroxide. The same ammino-salt is formed by adding a 
saturated solution of cadmium chloride to liquid ammonia and evaporat- 
ing off the excess of ammonia by allowing the temperature to rise. 
The diammine is also formed by passing ammonia gas into an alcoholic 
solution of cadmium chloride.^ 

Diammino-cadmium chloride is a white crystalline compound which 
is stable in dry air up to 210 ° C. Above that temperature it decomposes, 
but even at 360 ° C. decomposition is not complete, and at 400 ° C. it 
melts. By distilling the substance monammino-cadmium chloride is 
produced. 

Triammino -cadmium Chloride, [Cd(NIT3)3]Cl2, is prepared by 
carefully heating hexammino- or tetrammino-cadmium chloride until 
the requisite amount of ammonia is lost. 

Tetrammino-cadmium Chloride, [Cd(NH3)4]Cl2, is obtained 
by heating the hexammine until two molecular proportions of ammonia 
are eliminated. 

Hexammino -cadmium Chloride, [Cd(NH3)6]Cl2. — When an- 
hydrous cadmium chloride is exposed to an atmosphere of dry ammonia 
the gas is rapidly absorbed, the mass increases in bulk, heat is developed, 
and the hexammine produced. It has also been prepared by exposing 
anhydrous cadmium chloride to dry gaseous ammonia for two hours in 
a tube cooled to very low temperature. A layer of liquid ammonia 
forms on the surface of the solid, and the tube is sealed and kept for 
some time at — 70 ° C. On opening and allowing the temperature to 
rise to — 30 ° C. to remove the condensed ammonia a residue of the 
hexammino-salt is left.^ 

Hexammino-cadmium chloride is a white crystalline powder, only 
slightly soluble in cold water. On exposure to air it loses ammonia, 

^ Lang and Rigault, Trans. GTnem. Soc., 1899, 75, 883. 

- Ivwasnik, Arch. Pharm., 1891, 229, 310. 
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and if left so exposed until the odour of ammonia can no longer be 
detected, it is found to have formed the more stable diammino-cadmium 
chloride. The hexammine melts on heating, and loses ammonia com- 
pletely above 620 ° C. A pentammino-derivative has been described, 
but this has since been identified as the hexammine. 

Cadmium bromide unites with ammonia, forming three compounds, 
namely, diammino-cadmium bromide, [Cd(NH3)2]Br2 ; triammino- 
cadmium bromide, [Cd(NH3)3]Br2 ; and tetrammino-cadmium bromide, 
[Cd(NH3)4]Br2. These correspond in chemical behaviour to the 
ammino-chlorides . 

Diammino-cadmium Bromide, [Cd(NH3)2]Br2, is obtained in 
small colourless crystals by saturating a concentrated solution of 
cadmium bromide in water with ammonia and allowing the solution to 
evaporate. The compound is unstable and loses ammonia on heating, 
and on treatment with water is partially decomposed with formation 
of cadmium hydroxide. The same product is formed by saturating 
an acetone solution of cadmium bromide with ammonia gas.^ 

Triammino -cadmium Bromide, [Cd(NH3)3]Br2, is formed 
when ammonia gas is passed into an ammoniacal solution of cadmium 
bromide. It is a colourless crystalline substance which, on exposure 
to air, decomposes, the crystals becoming opaque and powdery. 

Tetrammino-cadmium Bromide, [Cd(NH3)4]Br2, is prepared 
by passing dry ammonia gas over dry powdered cadmium bromide. 
The salt swells up, absorbs ammonia, and is transformed into 
tetrammine. It is unstable, and on heating loses ammonia completely. 
If dissolved in water ammonia is eliminated and precipitation of 
cadmium hydroxide takes place. 

Ammino- derivatives of Cadmium Iodide. — Cadmium iodide 
forms with ammonia diaimnino-cad^nium iodide, [Cd(NH3)2]l2 ?* tetram- 
mino-cadmium iodide, [Cd(NH3)4]l2; and hexammino- cadmium iodide, 
•[Cd(NH3)„]I,. 

Diammino-cadmium Iodide, [Cd(NH3)2]l2j is obtained by 
heating cadmium hydroxide for a long time with a solution of am- 
monium iodide, or by dissolving cadmium iodide in acetone and pass- 
ing ammonia gas into the solution,^ when small colourless crystals 
of the ammine separate. The substance melts and loses ammonia on 
heating. 

Tetrammino-cadmium Todide, [Cd(NH3)4]l2, is formed when 
cadmium iodide is treated with a large excess of ammonia ; it crystallises 
in colourless plates.^ 

Hexammino -cadmium Iodide, [Cd(NIl3)(}]l2, is produced like 
the corresponding hexammino-chloride when dry ammonia gas is passed 
over dry cadmium iodide at ordinary temperature. Rise in temperature 
and increase in volume takes place and a fine white powder is formed. 
It loses ammonia completely on warming, and on treatment with water 
decomposes with precipitation of cadmium hydroxide ; the solution, 
however, still retains cadmium salt, from which more ammonia may be 
evolved. 

Cadmium sulphate also forms ammino-derivatives ; a di ammino-, a 
tetrammino-, and a hexammino-derivative are known. 

^ Naumann, Ber., 1904, 37 , 1337. 

“ Naumann and Muller, ibid., 1904, 37 , 4338. 

^ Lawson and McCrae, Trans. Chem. Soc., 1900, 77 , 1246. 
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Diammino-cadmium Sulphate, [Cd(NH3)2]S04, is formed by 
heating hexammino-cadmium sulphate to 100 ° C. The compound is 
stable at 100 ° C. and no ammonia is liberated. 

Tetrammino -cadmium Sulphate, [Cd(NIT3)4]S04.2H20, is pre- 
pared by evaporation of an aqueous ammoniacal solution of cadmium 
sulphate, or by passing ammonia gas into a well-cooled ammoniacal 
solution of the sulphate. A hydrate containing four molecules of water 
may be obtained, when an aqueous ammoniacal solution of cadmium 
sulphate is poured into alcohol and the ammonia allowed to evaporate 
in air. The hexammine is prepared by the method already described 
for hexammino-zinc chloride. It loses ammonia when fused and 
completely decomposes ; water hydrolyses it with precipitation of 
cadmium hydroxide. 

Cadmium nitrate forms complex salts with ammonia, such 
as hexammino-cadmium nitrate, [Cd(NH3)6](N03), and the hydrate, 
[Cd(NH3)6](N03).H20d These are crystalline substances, easily de- 
composed by water. The hydrated salt loses water on heating, becomes 
dark in colour, and finally decomposes with explosion. 

The cadmium ammino -derivatives all behave towards heat and water 
like the corresponding zinc ammines. Ammonia in some cases has been 
replaced by hydrazine or hydroxylamine ; the addition products so 
formed have the same general characteristics as the ammine themselves. 

Ammino -derivatives of Mercury Salts. 

Several mercurous salts absorb ammonia in the dry state or react 
with ammonia in aqueous solution. The products formed have been 
described from time to time as ammino-mercurous compounds. It 
appears, however, that these supposed mercuro-ammines are non- 
existent, and that the substances produced by the action of ammonia 
are really mercuric derivatives mixed with mercury. For instance, 
mercurous fluoride in the dry state is blackened by ammonia gas, forming 
a compound HgF(NH3). This substance gives off ammonia at 100 ° C. 
and is black in colour ; the colour is now regarded as being due to finely 
divided mercury, and the compound as a derivative of mercuric fluoride 
and not of mercurous fluoride. Numerous instances of the same kind 
may be quoted. For example, mercurous chloride with aqueous 
ammonia yields a black compound ; this again has been proved to be 
a mixture of finely divided mercury and mercuric chloroamide. The 
reaction may be represented thus : 

2HgCl+2NH3-Hg+Hg(NH2)0+NH4Cl. 

The only salt corresponding to the mercuro-ammincs wliich seems 
capable of existence is the hydrazine derivative of mercurous nitrate, 
[Hg(N2H4)2]N03, prepared by Hoffmann and Marburg.^ The corre- 
sponding ammonia derivative has not been obtained. 

Ammino -mercuric Salts. — Several types of ammoniacal deriva- 
tives of mercuric salts have been described, but little is known of their 
constitution. Many of them are insoluble in ordinary solvents and 
deeompose on volatilisation ; hence, molecular-weight determinations 
are difficult. Originally all compounds were shown as derivatives 

^ Andre, Com.pt. rend., 1887, 104 , 987. 

® Hoffmann and Marburg, Ber., 1897, 30 , 2030. 
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of dimercuriammonium salts, in which four hydrogen atoms of the 
ammonium radicle were replaced by two divalent mercury atoms 

thus: NH4R ^HggNR, where R represents a monacidic radicle A* ^ 

Further derivatives were produced owing to the tendency of dimercuri- 
ammonium compounds to form double salts with ammonium salts 
and mercuric salts. This view was subjected to serious criticism, and 
in 1907 Franklin ^ rejected the ammonium theory and extended the 
substituted ammonia theory, bringing out an analogy between reactions 
where ammonia takes part and where water takes part. In this theory 
ammonia is therefore represented as “ ammonia of crystallisation,” 
like water of crystallisation in hydrated salts. The nature of the 
mercuric ammonia compounds is varied, but according to Franklin,^ 
and later Holmes,^ they seem to fall into three definite classes, namely : 

1. Additive compounds of mercuric salt and ammonia, the ammino- 
mercuric salts such as [Hg(NH3)2]Cl2. 

2. Compounds described as “ ammonolysed compounds,” a term 
introduced by Franklin to indicate analogy to hydrolysis. For examjDle, 
infusible precipitate, ClHgNH2, where ammonia has entered the mole- 
cule much as hydroxyl does on hydrolysis. 

3 . Compounds where both ammonolysis and hydrolysis take place. 
For example, the chloride of Millon’s base, NH2HgO.HgCl. 

The first class represents the true ammino-derivatives of mercuric salts. 

It has been found on examination of the ammino-derivatives of 
mercuric halides that the nature of the halogen present has a marked 
effect on the stability of the compound. Thus, diammino-mercuric 
chloride, [FIg(NI-l3)2]Cl25 is stable and does not readily lose ammonia, 
whereas the corresponding iodide, diammino-mercuric iodide, 
[Hg(NH3)2]l2? readily loses ammonia at ordinary temperature. The 
stability decreases in the order : chloride, bromide, iodide. 

Ammino- mercuric Chlorides. — Six ammino-salts of mercuric 
chloride are known. These are : mo aammino-nier curie chloride, 
[IIg(NIl3)]Cl2 ; dianimino-mercuric chloride, [IIg(NH3)2]Cl2 ; trianimino- 
mercuric chloride, [Hg(NH3)3]Cl,; tetr am)} lino -mercuric chloride, 
[Hg(NIl3)4]Cl2 ; triammino-di})iercuric chloride, [ITg2(NH3)3]Cl4 ; ^ and 
dodecammino-mercuric chloride, IigCl2.I2NIl3. This last derivative is 
only stable if kept under pressure, and if pressure is released ammonolysis 
takes place in accordance with the equation 

IIgCl2.12NIl3 — ClIIgNIl2+NII,Cl+10NH3. 

The ammonium chloride formed dissolves in the liquid ammonia used 
in the preparation of the addition compound.® 

Mercuric bromide and mercuric iodide yield the same type of com- 
pounds. The stability of these, however, is less than that of the 
chlorides. The fluorine analogue to fusible precipitate has been pre- 
pared,'^ to which the composition Hg(NH2)F is given. Dimer curie 
jluoramide, (HgF)2NH.H20, has also been prepared. 

^ Pesci, Gazz. Chiin. Ital., 1891, [ 2 ], 21 , 571. 

- Ray, Trans. Chem. Soc., 1902, 81 , G47. 

^ Franklin, J. Amer. Chem. Soc., 1907, 29 , 35 ; 1912, 47 , 361. 

Plolmcs, Trans. Chem. Soc., 1918, 113 , 74. 

^ Naumann and Kammerer, Ber., 1914, 47 , 1373; 1904, 37 , 3603 ; 1910, 43 , 315. 

^ Franklin and Kraus, Amer. Chem. J., 1900, 23 , 300. 

7 Bohm, Zeitsch. anorg. Chem., 1905, 43 , 327 ; Franklin, J. Amer. Chem. Soc., 1907, 
29 , 51. 
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The best known and most important compound belonging to the 
ammino-niercuric salts is the so-called fusible precipitate of composition 
HgCi2.2NH3, diaiimiino-mercm'ic chloride. It was originally repre- 
sented as a double salt of dimercuriammonium chloride and ammonium 
cliloride, Hg2NCLNH4Cl, but this has been proved to be incorrect, and 
the addition formula is now accepted as the one which bears out its 
chemical behaviour. 

Diammino -mercuric Chloride, Fusible Precipitate, 
[Hg(NH3)2]Cl2, is obtained by adding an aqueous solution of mercuric 
chloride drop by drop to a boiling solution of ammonium chloride, con- 
taining ammonia, as long as the precipitate dissolves. On cooling the 
liquid, colourless rhombic crystals separate. The same substance may 
be prepared by dissolving mercuric chloride in liquid ammonia. Fusible 
precipitate is stable and is not altered on heating to 125 ° C., but at 
a temperature of 180 ° C. ammonia is evolved, and the mass melts at 
300 ° C. to a yellow liquid with loss of nitrogen and ammonia. On 
boiling with alkali it decomposes with elimination of ammonia. Accord- 
ing to some investigators all the ammonia is evolved,^ whilst Pesci 
states that only three-quarters of the nitrogen is evolved as ammonia.^ 
Related compounds containing mercuric bromide, mercuric nitrate, and 
mercuric iodide are known. 

Diammino -mercuric Iodide, [Hg(NH3)2]l25 behaves like the 
ammines of zinc and loses ammonia on exposure to air ; the mon- 
ammino derivative from examination of vapour-pressure measurements 
does not appear to ^xist. 

The ammonolysed compounds or ammonio bases are formed when 
a solution of mercuric salt is treated with slight excess of ammonia. 
This does not give an addition compound such as metal-amminc, but a 
substituted derivative. For instance, from mercuric chloride infusible 
precipitate Hg(NH2)Cl is formed. The same substance may be pro- 
duced from diammino-mercuric chloride if an excess of ammonia be 
present after fusible precipitate is formed. 

Conversely, Hg(NH2)Cl may be transformed into the diammino-deri- 
vative by means of ammonium chloride dissolved in liquid ammonia thus : 

[Hg(NH3)2]Cl2 ^ NH4Cl+Hg(NH2)Cl. ' 

Infusible precipitate or mercuric amido-chloride, Hg(NH2)Cl, is very 
sparingly soluble in water, a fact which is one of the arguments against 
the old formula where the compound was represented by Rammelsberg ^ 
as a double salt of dimercuriammonium chloride and ammonium chloride, 
HggNCl.NH^Cl, for the ammonium salt of the complex acid, II(HgNCl2), 
ought to be more soluble than the acid. 

When heated, mercuric amido-chloride decomposes with loss of am- 
monia and nitrogen, leaving a residue of mercuric chloride. It does not 
melt during decomposition, and if boiled with aqueous sodium hydroxide 
all the nitrogen is eliminated as ammonia. Water hydrolyses it, giving 
ammonium chloride and oxydimereuriamido-chloride thus : 

2 Hg(NH 2 )Cl+H 20 —> NH4Cl+HgONH2.IIgCl, or Hg(OH).NII.IIgCl 
(the chloride of Millon’s base). 

1 Hoffmann and Marburg, Ber.^ 1897, 30, 2030. 

^ Pesci, Qazz. Chim. Ital., 1891, [2], 21, 571. 

2 Hammelsberg, J. praJet. Che7n., 1888, [2], 38, 563. 
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a’s base itself is regarded by Franklin and others as the hydroxyl 
•d, dimercurihydroxy-ammoniiim hydroxide, Hg(0H)2.NH20H. 
iined in yellow crystals by allowing ammonia in aqueous solu- 
ct on mercuric oxide : 

2 Hg 0 +NH 40 H=:Hg( 0 H) 2 .NH 20 H. 

nelsberg gave the base the formula ITg2N0H.2Pl20, showing 
Ltain two molecules of water of hydration; but this does not 
th its behaviour nor with that of its chloride, which can be 
) 125 ° C. without loss of water. 

er’s precipitate belongs to the same class of compounds, and 
epresented as Hg(OH).NH.HgI, mercuric hydroxy-iodoamide. 


CHAPTER VI. 

METAL -AMMINES OF THE ELEMENTS OF GROUP III. 


The metal-ammino-derivatives in Group III. are few, and many of these 
described are of doubtful comi^osition, also they are unstable com- 
pounds and obtainable only in the dry state. 

Ammino-derivatives of Boron Salts. 

The first element of the group, boron, behaves mostly as a non-metal, 
but in its compounds with the halogens it shows some of the properties 
of a metal, for the halides are not readily acted upon by water. 

The halogen derivatives of boron unite with ammonia, forming 
ammines. Boron trifluoride combines with ammonia, forming the sub- 
stances BF3.NH3, BF3.2NH3, BF3.8NH3 ; the two latter are liquid, 
and easily lose ammonia with formation of the monammine. 

Monammino -boron Fluoride, BF3.NH3, is a white solid which 
may be sublimed without decomposition in a closed tube. The vapour 
of the substance is stated by Mixter ^ to attack glass ; it is decomposed 
on exposure to moist air, and dissolves in water with formation of oxy- 
fluoborate. It is probable that these compounds of boron trifluoride 
and ammonia are mixtures of the same type as those formed from 
boron trichloride described by Joannis. 

Ammino -boron Trichlorides. — Berzelius observed that boron 
trichloride absorbed ammonia gas with formation of a compound of 
composition 2BCi3.3NH3. 

Sesquiammino -boron Trichloride, 2BCI3.3NH3, is also formed 
when dry ammonia gas is passed into liquid boron trichloride. The 
ammine does not fume on exposure to air, is less volatile than ammonium 
chloride, and may be sublimed without decomposition. Water de- 
composes it with formation of ammonium chloride, hydrochloric acid, 
and a borate. Besson ^ described a substance of composition 2BCI3. 
9NH3, which he obtained from boron phosphino-chloride and ammonia. 
This is not attacked by moist air and does not lose ammonia below 
50 ° C., but water decomposes it immediately. 

In 1902 Joannis ^ examined the products formed when ammonia 
acts upon boron trichloride, and concluded that the reaction is more 
complex than mere addition of ammonia. 

When hydrogen carrying boron trichloride vapour is passed into 
liquid ammonia at — 50 ° C. and the temperature then raised to — 23 ° C. 

^ Mixter, Amer. CJiem. J., 1881, 2 , 153. 

2 Besson, Compt. rend., 1890, no, 517; 
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to remove excess of ammonia, a residue containing fifteen molecules of 
ammonia for every molecule of the chloride is obtained. On raising 
the temperature to 0° C. nine molecules of ammonia are removed and 
the composition becomes BCI3.6NH3. During the loss of ammonia 
the vapour pressure is found to be the same as that of an additive com- 
pound, NH4CI.3NH3. Hydrogen and nitrogen are not evolved during 
the reaction, and by determination of increase in weight and the forma- 
tion of boric acid on treatment with water, it is concluded that for three 
ammonium groups formed three amino groups are produced which unite 
with boron. The reaction at —23° C. is assumed to take place thus : 

BCI3 + 15NH3 — 3(NH4C1.3NH3)+B(NIl2)3, 
and at 0° C. according to the equation 

BCI3+6NH3 — > 3NH4C1+B(NH2)3. 

The compounds described, therefore, are not simple addition sub- 
stances, and this may explain the different results obtained. The 
ammonium chloride formed may be removed by liquid ammonia, in 
which it is soluble, but the removal is not complete. 

Ammino -boron Tribromides. — Ammonia gas combines directly 
with boron tribromide, heat is developed, and some boron nitride is 
produced.^ By keeping the temperature low a product may be pro- 
duced containing no nitride. Dry ammonia gas cooled to 0° C. is passed 
into a cold solution of boron tribromide in carbon tetrachloride, a white 
solid separates, and on removal of the solvent by evaporating in a 
current of air a white amorphous substance remains of composition 
BBr3.4NIl3, tetrammino-boron tribromide. It decomposes if heated in 
oxygen below 150° C., and a mixture of boron nitride and ammonium 
broniidc is formed. Water and alkali also decompose the ammine. 
Joannis ^ throws doubt on the existence of this compound, and explains 
the absor})tion of ammonia in the same manner as that for boron tri- 
chloride, the substance produced in this case being boronimidc, B2(NH)3. 
lie assumes that the reaction at 0° C. takes place according to the 
equation 


2BBr3+27NH3 — 6(NIl4Br.3NIl3)+B2(NII)3. 

If tlic temperature be raised to 20° C. tlie ammoniacal ammonium 
bromide dissociates, and for every molecule of boron tribromidc present 
nine molccidcs of ammonia are evolved. 

Ammino -boron Tri -iodides. — Boron iodide and ammonia unite 
with development of heat. If dry ammonia gas is passed into a solution 
of boron tri-iodide in carbon tetrachloride, cooled to 0° C., a white 
a,inorplious substance of composition BI3.5NH3 is formed,^ which turns 
brown on exposure to light and is decomposed by water. This com- 
pound is capable of absorbing more ammonia, being transformed into 
a liquid of composition BI3.I5NH3, which is exceedingly unstable and 
rapidly loses ammonia on exposure to air. These derivatives also are 
most probably mixtures of ammonium iodide and boron triamide. 

^ Besson, Oompt. rend., 1891, 112, 1002. 

“ Joannis, ibid., 1904, 139, 364. 

^ Besson, ibid., 1892, 114, 542. 
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Ammiiio- derivatives of Aluminium Salts. 

Aluminium forms numerous series of complex derivatives, the 
halogen salts showing a marked tendency to form molecular compounds 
with other metallic halides, with acid chlorides, with chlorides of organic 
acids, and with ammonia. 

Ammino -aluminium Fluoride. — Aluminium fluoride combines 
slowdy with ammonia ; one compound is reported, the monammine, 
[A1(NH3)]F3, which was prepared by Clark. ^ 

Ammino -aluminium Chlorides. — Anhydrous aluminium chloride 
combines readily with dry ammonia gas, heat is evolved, and the 
chloride increases greatly in volume. Several compounds of aluminium 
chloride and ammonia are described of composition AlClg.ONHg, 
AICI3.6NH3, AICI3.5NH3, AICI3.4NH3, AICI3.3NH3, AICI3.2NH3. 

Aluminium chloride in aqueous solution does not appear to unite 
with ammonia, and the compounds described are formed by the action 
of ammonia gas or liquid ammonia on the anhydrous salt. 

Franklin in early research on ammonia and aluminium chloride 
stated that the anhydrous salt did not dissolve in liquid ammonia. 
Persoz 2 investigated the action of ammonia on aluminium chloride and 
described a substance of composition AICI3.3NH3. 

Stillmann and Yoder ^ and Baud ^ have examined the compounds 
obtained, and find that a series of derivatives exists depending on the 
temperature at which addition of ammonia takes place. According to 
these investigators the following compounds exist : [Al(NH3)9]Cl3, 

[Al(NH3)e]Cl3, [Al(NH3)5]Cl3,^ [A 1 (NH 3)21013. 

If well-dried ammonia gas is passed over freshly sublimed aluminium 
chloride ammonia is rapidly absorbed, heat is developed, and the whole 
mass fuses and then gradually solidifies as more ammonia is absorbed, 
leaving a white voluminous powder of composition AlClg.GNHg or 
[Al(NH3)6]Cl3. Hexammino-aluminium chloride is stable at ordinary 
temperature and is much less hygroscopic than the chloride. It is 
decomposed by water with formation of aluminium hydroxide, and when 
heated in dry air is oxidised, yielding the oxide and ammonium chloride. 
If heated in an atmosphere of dry hydrogen it loses ammonia and passes 
into diammino-aluminium chloride, [Al(NH3)2]Cl3.^ Triammino- 
aluminium chloride obtained in this way by Persoz was not found by 
Stillmann and Yoder. 

The hexammine may be prepared by treating anhydrous salt at 
ordinary temperature with excess of dry ammonia gas.® On heating 
the compound to 180 ° C. it loses one molecule of ammonia, yielding 
jDentammino-aluminium chloride, [Al(NH3)5]Cl3. 

Pentammino-aluminium chloride if heated in an atmosphere of 
dry hydrogen melts at 380 ° C. and boils at 450 ° C., leaving a white 
powdery residue of monammino-aluminium chloride, [Al(NH3)]Cl3. If 
the distillation is carried out without hydrogen the residue consists of 
a mixture of pentammino- and monammino-chloride. 

^ G. L. Clark, Amer. J. Sci., 1924, 7 , 1. 

- Persoz, Ann. Ghim. Phys., 1830, 44 , 319. 

2 StiUmami and Yoder, Amer. Ghem. J., 1895, 17 , 748. 

^ Baud, Comp, rend., 1901, 132 , 134, 690. 

° Stillmann and Yoder, Amer. Ghem. J., 1895, 17 , 749. 

Baud, Compt. rend., 1901, 132 , 134. 
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Pentammino-aluminium chloride absorbs more ammonia at the 
boiling-point of liquid ammonia, forming an unstable compound con- 
taining about eighteen molecules of ammonia. At — 23 ° C. aluminium 
chloride absorbs ammonia, yielding the unstable derivative AlClg.ONHg. 
This cannot exist at ordinary temperature, for its dissociation pressure 
even at — 14 ° C. is 760 mm.^ 

All the compounds formed decompose immediately in water with 
formation of aluminium hydroxide. The most stable derivative is the 
hexammine ; gaseous hydrogen chloride at — 15 ° C. has little action 
upon it, at 0° C. the compound is attacked slowly, and at 15 ° C. 
it is rapidly converted into ammonium chloride and aluminium 
chloride. 

Ammino -aluminium Bromide. — If aluminium bromide is ex- 
posed to ammonia gas at ordinary temperature the gas is absorbed 
slowly at first and then more rapidly ; the mass increases in bulk and 
a white powder is formed of composition AlBrg.NHg or [Ai(NH3)]Br3. 
The monammine loses ammonia on exposure to air, but may be sub- 
limed in a sealed tube without decomposition. 

Ammino -aluminium Iodides. — ^Aluminium iodide is soluble in 
liquid ammonia, forming a colourless solution from which, on cooling 
to — 33 ° C., a crystalline solid of composition AII3.20NH3 separates. 
On rise of temperature it loses ammonia, and at 8° to 13 ° C. the com- 
position is that of hexammino-aluminium iodide, [A^NHg)^]!^. Weber ^ 
found that aluminium iodide absorbs ammonia gas slowly at first, and on 
warming a white voluminous powder was formed which contains at least 
four molecules of ammonia for every molecule of the iodide. It de- 
composes with loss of ammonia on treatment with water. 


Ammino -derivatives of Indium Chloride. 

Anhydrous indium trichloride on volatilising in a stream of dry 
ammonia gas gives a white, crystalline, volatile, additive product. The 
composition of the substance is not discussed and the properties are 
not described.^ Indium halogen salts have a tendency to form complex 
salts with the alkali chlorides. For example, the salt potassium indium 
chloride, K6[(InCl3)2Cl6].3HoO, is produced by evaporating an aqueous 
solution containing potassium and indium chlorides in presence of 
hydrochloric acid. Also the ammonium salt, (NHj2[InCl3.Cl2].H29’ 
is described. These complex salts are easily soluble in water, but it is 
not known if the complex anion exists in aqueous solution or not. 

Ilenz ^ describes an additive compound of indium trichloride and 
pyridine, tripyridino-indium trichloride, [In(C5H5N)3]Cl3, which is 
prepared by adding pyridine to a solution of indium trichloride in 
alcohol. After standing for a short time, small needle-shaped crystals 
separate of melting-point 253 ° C. The compound is not hygroscopic 
like indiuin chloride, is somcAvhat sparingly soluble in alcohol, and is 
insoluble in ether. It decomposes on warming with water with forma- 
tion of indium hydroxide. In (01-1)3. Aluminium trichloride and iron 
trichloride form similar addition products. 

^ Baud, Com'pt. rend., 1901, 132, 690. 

^ Weber, Pogg. Annalen, 1857, 103, 263. 

^ Dennis and Geer, Ber., 1904, 37, 961. 

^ Renz, ibid., 1903, 36, 101 ; 1904, 37, 2110. 
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Ammino- derivatives of Thallium Salts. 

Thallium halides and a few other salts of thallium form addition 
compounds with ammonia. 

Thallous halides do not absorb ammonia at ordinary temperature, 
but ill liquid ammonia these salts form triammino-thallous halides 
of composition [T1(NH3)3]C1, [Tl(NH3)3]Br.^ The triammino-deriva- 
tives formed are somewhat soluble in liquid ammonia, and the solubility 
increases with rise of temperature and increase in atomic weight of the 
halogens. No lower ammino-derivatives are known. Thallic halides 
absorb ammonia gas readily. If ammonia gas is passed into an alcoholic 
solution of thallic chloride, or if dry ammonia gas is passed over dry 
thallic chloride, the gas is absorbed and a white crystalline substance 
is formed of composition [Tl(NH3)3]Cl3. The crystals may be washed 
with alcohol containing ammonia and then with absolute alcohol, and 
finally dried in vacuo. On coming in contact with water the triammine 
is decomposed with precipitation of violet-black oxide thus : 

2[Tl(NH3)3]Cl3+3H20=Tl203+6NH,Cl. 

The triammine is soluble in hydrochloric acid, forming ammonium 
thallic chloride, 3NTI4CI.TICI3, and on heating decomposes with loss 
of ammonia and formation of ammonium chloride and thallous chloride. 

Triammino -thallic Bromide, [Tl(NH3)3]Br3, is prepared in 
the same way. It becomes very quickly yellow in colour, due to partial 
decomposition. Water transforms it into the oxide, TI2O3, and on 
heating to 100° C. it loses ammonia and bromine, leaving a residue of 
thallous bromide. 

Meyer ^ prepared tripyridino-thallic chloride by mixing an aqueous 
or ethereal solution of thallic chloride with pyridine, when a white 
crystalline precipitate of the tripyridino-derivative, [Tl(C5ll5N)3]Cl3, 
is formed. Ilenz ^ obtained the same compound by mixing thallic 
chloride and pyridine in alcoholic solution. The compound is sta])lc 
in air, and crystallises in small white needles which are insoluble in 
ether and soluble in alcohol. " It dissolves fairly easily in water, but 
the aqueous solution decomposes readily. Thallic bromide also forms 
a tripyridino-compound, [Tl(C5H5N)3]Br3, and thallic iodide gives 
the corresponding iodide, [Tl(C5lT5N)3]l3. Similar derivatives arc 
known containing three molecules of quinoline. 

AmMINO-DERIVATIVES THE RARE EARTH SALTS. 

The rare earths which are included in Group III. form a few complex 
derivatives containing ammonia or organic bases. These have, however, 
not been fully investigated. 

Ammino-derivatives of Neodymium Chloride. 

Anhydrous neodymium chloride unites with ammonia gas at low 
temperature, or if kept in a sealed tube with liquid ammonia, yielding 
a voluminous rose-coloured powder of composition [Nd(NIl3 )X 2 ]C 13 - 

1 Biltz and Stollenwerk, Zeitsch. anorg. Chem., 1921, 119, 97. 

- Meyer, ibid., 1900, 24, 347. 
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On gradually heating the substance six different temperatures are 
obtained at which ammonia is rapidly evolved, indicating the exist- 
ence of the following derivatives: [Nd(NH3)ii]Cl3, fNd(NH3),]Cl3, 
[Nd(NH3)5]Cl3, [Nd(NH3)JCl3, [Nd(NH3)JCl3, [Nd(NH 3 )]Cl 3 . These 
ammino-derivatives, however, have not been further investigated.^ 

Ammino- derivatives of Samarium Chloride. 

Anhydrous samarium chloride when mixed with liquid ammonia 
in a sealed tube is converted into a bulky white powder having 
the composition [Sm(NH3)ii.5]Cl3. If progressively heated it loses 
ammonia at eight different temperatures, indicating the forma- 
tion of derivatives of composition [Sm(NH3)9.5]Cl3, [Sm(NH3)8] 

CL, [Sm(NH3)5]Cl3, [Sm(NH3yCl3, [Sm(NH3)3]Cl3, [Sm(NH3)3]Cl3, 

[Sm(NH3)]Cl3, respectively.^ 

Organic bases such as pyridine also unite with the chlorides of the 
rare earths. The following compounds have been obtained : dipyridino- 
praesodymium chloride^ [Pr(C5H5N)2]Cl3; tripyridino-neodymium chloride, 
[Nd(C5H5N)3]Cl3 ; tripyridino-yttrium chloride, [Y(C5H5N)3]Cl3 ; tri- 
pyridino-samarium chloride, [Sm(C5H5N)3]Cl3.^ 

^ Matignon, Com.pt. rend., 1906, 142, 1042 ; Muthman and Beck, Annalen, 1904, 58, 
331. 

2 Matignon, Compt. rend., 1905, 140, 141. 

® Matignon, Ann. Chim. Phys., 1906, [8], 8, 268, 395, 401, 416. 
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THE METAL-AMMINES OF THE ELEMENTS OF 
GROUP IV. 

Carbon and silicon, the two typical non-metals of the group, form 
an enormous number of complex derivatives. Among the metallic 
elements of the group ammino-derivatives are known, but many of 

these are unstable. 


Ammino-derivatives of Titanium 
Salts. 

Titanium forms three series of salts in 
which the element is respectively tetra-, 
tri-, and mono-valent. Thus, titanium and 
chlorine form titanium tetrachloride, TiCl4, 
titanium trichloride, TiClg, and titanium 
monochloride, TiCl. The two last are 
unstable and readily pass into the higher 
chloride. Titanium tetrachloride shows a marked resemblance to tin 
tetrachloride ; it unites easily with hydrochloric acid in solution, with 
formation of the complex acid, chloro-titanic acid, [TiClgjHa, and forms 
many crystalline products with other chlorides. It also unites with 
ammonia, forming ammines. 

Two ammino-derivatives of titanic chloride, namely, octcmiinino- 
titanic chloride, [Ti(NH3)8]Cl4, and hexammino-titanic chloride, 
[Ti(NH3)6]Cl4, are described.^ 

Octammino -titanic Chloride, [Ti(NH3)8]Cl4, is obtained by passing 
dry ammonia gas into a suspension of titanic chloride in ether ; ammonia 
is rapidly absorbed, and a dark yellow powder formed of composition 
TiCl4.8NE[3. The substance loses ammonia very readily, and is imme- 
diately decomposed by moist air, but not if kept over freshly prepared 
anhydrous calcium chloride. 

Hexammino-titanic Chloride, [Ti(NH3)6]Cl4, is prepared by allow- 
ing a stream of dry hydrogen saturated with gaseous titanic chloride to 
come in contact with dry ammonia gas in a specially designed flask. 
A voluminous yellow powder remains, which is unaltered in dry air, 
and does not lose its yellow colour over freshly ignited calcium chloride 
in absence of air. Water decomposes the substance, with formation of 
titanic acid and ammonium chloride thus : 

[Ti(NH3)e]Cl4+4H20 -> Ti(OH)4+4NH4Cl+2NH3. 


Carbon. 

Silicon. 

Subgroup A. 

Subgroup B. 

Titanium. 

Germanium, 

Zirconium. 

Tin, 

Cerium. 

Lead. 

Thorium. 



1 Stabler, Ber., 1905, 38 , 2626. See also Rosenheim and Schiitte, Zeitsch, anorg. Chem., 
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On standing over ordinary dry calcium chloride the compound becomes 
white, due probably to hydrolysis caused by moisture in the calcium 
chloride and in the air. 

Rosenheim described a tetrammino-derivative, TiCl 4 . 4 NH 3 , which 
he obtained by allowing the product from the action of dry ammonia 
on an ethereal suspension of titanic chloride to stand over dry calcium 
chloride. The substance so obtained was white, but further examination 
proved it to be a mixture of titanic acid and ammonium chloride pro- 
duced by moisture in the air and in the imperfectly dried calcium 
chloride. 

On treating titanic chloride with. liquid ammonia a yellow powder 
is formed of composition TiCl^.SNHg, which seems identical with that 
produced by passing ammonia gas into an ethereal suspension of titanic 
chloride. On extracting either the octamniino- or the hexammino- 
salt with liquid ammonia, ammonium chloride is removed and a dark 
yellow powder is left. This residue appears to be the tetramide of 
titanium, Ti(NI-l2)4j corresponds to the substances obtained from 
aluminium chloride and boron chloride by Joannis. Additive com- 
pounds of titanic chloride with pyridine and quinoline are known, and 
if pyridine be added to a suspension of titanic chloride in ether, a 
compound is produced of composition TiCl4(C5H5N)6. Additive 
compounds of chloro -titanic acid and bromo -titanic acids with pyridine 
and quinoline may also be formed. 

Pyridino-chloro-titanic Acid, (C5H5N)2.H2TiCl6, is deposited from 
a solution of pyridine hydrochloride and titanic chloride in hydrochloric 
acid as a yellow powder which decomposes on exposure to air or when 
treated with water. The corresponding quinoline derivative is more 
stable. 

Titanium tetrabromide unites with ammonia, forming octammino- 
titanic bromide, [Ti(NH3)8]Br4, which has similar properties to the 
chloride. 

Pyridino-bromo -titanic Acid, (C5H5N)2.H2TiBr6, is formed by 
saturating a solution of pyridine hydrobromide and titanic acid in 
alcoholic hydrobromic acid with hydrogen bromide.^ 

Iodine additive products are not known. 

Ammino- derivatives of Zirconium Salts. 

Zirconium fluoride reacts with liquid ammonia, forming the unstable 
comjioimd, ammi no-zirconium tetrafluoride, 2ZrF42NIi3. Zirconium 
tetrachloride forms several ammines. 

Diammino -zirconium Tetrachloride, [Zr(Nri3)2]Cl4, is pre- 
pared by passing dry ammonia gas over solid zirconium tetrachloride at 
ordinary temperature. ^ The compound is a fine white powder which 
readily loses ammonia in moist air, and is decomposed by water with 
formation of zirconium hydroxide, Zr(OH)4, and ammonium chloride. 
At higher temperatures more ammonia is absorbed, and tetrammino- 
zirconium tetrachloride, [Zr(NH3)4]Cl4, is formed. 

Octammino -zirconium Tetrachloride, [Zr(NH3)8]Cl4, is pro- 
duced by passing ammonia gas into an ethereal suspension of zirconium 
chloride, or by passing dry ammonia gas over anhydrous zirconium 

^ Eosonhoim and Schiitto, Zeitsch. anorg. Ghem., 1901, 26 , 239. 

“ Mattliews, J. Amer. Chem, Soc., 1898, 20 , 815. 
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tetrachloride at ordinary temperature A It is a white hygroscopic 
powder which is easily decomposed by water, and on heating to 232° C. 
loses ammonia, with formation of the triammine, [Zr(NH3)3]Cl4. 

Zirconium tetrabromide unites with ammonia to form decamm, mo- 
zirconium bromide, [Zr(NI-l3)io]Br4, and the iodide forms a variety of 
derivatives according to the temperature at which absorption takes 
place. The following compounds are obtained : [Zr(NH3)8]l4 at —22° C., 
[Zr(NH3)7]l4 at 100° C., [Zr(NH3)e]l4 at 150° C. With liquid ammonia 
[Zr(NH3)8]l4 is formed, but on washing the solid with liquid ammonia, 
ammonium iodide is removed in considerable quantity and the zirconium 
content of the solid is increased. Stabler and Denk therefore suggest 
that the octammino-compound is probably a mixture of zirconium 
amide, Zr(NH2)4, ammonium iodide. The ammonia additive 

compounds of zirconium tetrachloride decompose on heating, with 
formation of the nitride, ZrgNg.^ 

Ammino-derivatives of Cerium Chloride. 

Cerium trichloride very readily unites with ammonia at low tempera- 
ture. Barre ^ proved the existence of five different ammines ; they are 
all white powders which decompose in water. By studying the dis- 
sociation pressures the following compounds have been shown to exist, 
namely: CeCl3.20NH3, CeCl3.12NH3, CeCl3.8Nn3, CeCl3.4NH3, and 
CeCl3.2NIT3. Increase in volume and rise in temperature occur during 
the formation of the compounds. 

Ammino-derivatives of Thorium Halides. 

Thorium tetrachloride, like cerium chloride, combines readily with 
gaseous ammonia. The compounds known are formed by the union 
of gaseous or liquid ammonia with anhydrous thorium tetrachloride. 
All lose ammonia on standing, and on heating are transformed into 
thorium tetramide, Th(NH2)4. The following derivatives have been 
prepared : ThCl4.18NH3, ThCl4.12NH3, ThC^.TNHg, ThCl4.6NIl3, 
ThCl4.4Nn3. Tetrammino-thorium tetrachloride is the most stable 
member of the series, and may be heated to 150° C. before decomposition 
takes place. On heating to 250° C. it decomposes into thorium tetramide, 
rh(NH2)4. Chauvenet ^ prepared these derivatives and examined 
dieir properties. He classifies the addition compounds into three grou])s. 
Sroup I. comprises those obtained by treating thorium tetrachloride 
vith liquid ammonia at different temperatures. The compounds 
obtained contain 6, 7, 12, or 18 molecules of ammonia, and arc decom- 
;)osed by water or in vacuo, with loss of ammonia and formation of 
:etrammino-thorium tetrachloride, ThCl4.4NH3. Group II. comprises 
;hosc compounds obtained by exposing the chloride to gaseous ammonia, 
rhey contain 4, G, or 7 molecules of ammonia, are unaltered in vacuo, 
ind are not decomposed by treatment with water. Group III. consists 
)f compounds^obtained by treating Group II. with liquid ammonia. They 
:ontain 6, 7, 12, or 18 molecules of ammonia. Two of the compounds 

^ Stahler and Denk, Ber., 1905, 38 , 2011. 

“ Bruere and Chauvenet, Oompt. rend., 1918, 167 , 201. 

^ M. Barre, ibid., 1913, 156 , 1017. 

^ Chauvenet, ibid., 1910, 151 , 387. 
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are identical with two of the first group. Tetrammino -thorium chloride 
is the only one of the series stable above 150° C. 

Ammino -derivatives of Tin Halides. 

The halogen salts of tin unite readily with ammonia, with formation 
of derivatives the composition of which depends on the temperature 
at which reaction takes place. 

Arnmino -derivatives of Stannic Fluoride.— Stannic fluoride 
unites with ammonia on heating to 43 • C., forming the white solid mon- 
ammino -stannic fluoride, [Sn(NH 3 )]F 4 . The compound is remark- 
ably stable, and may be heated to 400° C. with little decomposition.^ 

Diammino -stannic Fluoride, [Sn(NH 3 ) 2 ]F 4 , is formed if stannic 
fluoride and ammonia are heated together in a sealed tube to a tempera- 
ture of 120° C. Both the monammine and the diammine are soluble in 
water, the solutions becoming cloudy due to decomposition. Stannic 
fluoride also forms addition derivatives with the bases pyridine and 
quinoline. 

Ammino -derivatives of Stannous Chloride. — The composition of 
the additive compounds of stannous chloride and ammonia varies with 
the temperature at which the substances are caused to combine.^ 

Diammino -stannous Chloride, [Sn(NH 3 ) 2 ]Cl 2 . — If dry ammonia 
gas is passed over anhydrous stannous chloride, immersed in a freezing 
mixture, a yellow powder is formed of composition SnCl 2 . 2 NH 3 . It 
blackens on exposure to light, and moist air attacks the substance, with 
formation of stannous oxide and ammonium chloride. If absorption 
is allowed to take place at ordinary temperature a mixture of mon- 
animino-stannous chloride, [Sn(NIT 3 )]Cl 2 , and diammino-stannous 
eliloride, lSn(Nll 3 ) 2 lCl 25 in obtained; whilst at 100° C. stannous chloride 
is claimed to absorb ammonia gas, with formation of a white powder 
of composition corresponding to monammino -stannous chloride, 
[Sn(NIl3)]Cl2. 

At tem})craturcs between 120° and 300° C. a brownish-red crystalline 
substance, of conij)osition 3SnCl2.2Nri3, is formed. This is the most 
stable ol‘ the com|)ounds, and is only slowly decomposed by water.^- ^ 
On examination of the temperature of dissociation of the addition pro- 
ducts of stannous chloride and ammonia, the highest ammine obtained 
has composition SnCI 2 . 0 NII 3 ; this is formed by the action of liquid 
ammonia on auhydrous stannous chloride at —78° C. The chloride 
increase's greatly in volume during addition, and the temperature, at 
which thc^ dissociation pressure is 100 mm., is —55° C. This compound 
and tctrammino-sta-nnoiis chloride, [ Sn(NH 3 ) 4 ]Cl 2 , with temperature 
15° C!., a,t which the dissociation pressure is 100 mm., are the only 
ammines of stannous chloride and ammonia which exist with certainty.^ 

Ammino-deriviitives of Stannic Chloride. — Persoz^ found that 
anhydrous stannic chloride; e*e)mbincs rewlily with ammonia gas, giving 
a, white; solid of e*omj)osition SnC!!,^. iNILj, which can be sublimed without 
change;. It may he; obtahuxl in a crystalline state by evaporating an 
ae|ue;ous solution of the; ce)mj)ounel over sulphuric aciel, but long staneiing 
in water e*a,uscs it to ele‘e*ompe)sc, with formation of stannic hydroxide. 

> W'oHcr, (ffirm. ZnL, 1912, 36 , Kif). 

- Solianopoulos, dotn.pt. rc.nd., 1911, 152 , 865. 

Persoz, Ann. ('him. /Vc/.s-., 1830, 44 , 322. 

F»iliz and Msclua*, ZvAtsrJi. anorg. Chem., 1923, 129 , L 
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Ammino-derivatives of Stannous Bromide. — Four compounds 
of stannous bromide and ammonia are known, namely, [Sn(NH3)9]Br2, 
[Sn(NH3)JBr2, [Sn(NH3)3]Br2, and 

At ordinary temperature and under atmospheric pressure stannous 
bromide absorbs only 0*6 molecules of ammonia for every molecule of 
salt, even after standing for forty hours ; on lowering the temperature, 
however, to 0 ° C. and allowing the salt to remain in contact with ammonia 
gas for twenty-four hours, triammino-stannous bromide, [Sn(NH3)3]Br2, 
is formed as a yellow powder. At low temperatures stannous bromide 
and liquid ammonia react, and at'— 78 ° C. ammonia is rapidly absorbed, 
increase in bulk takes place, and addition compounds containing nine 
and five molecules of ammonia are produced. 

The temperatures at which the dissociation pressure of the ammines 
of stannous bromide is equal to 100 mm. are as follows : [Sn(NH3)9]Br2 
- 57 ° C„ [Sn(NH 3 ) 5 ]Br 2 - 2 ° C., [Sn(NH 3 ) 3 ]Br 2 + 66 ° C., [Sn(NH 3 ) 2 ]Br 2 
+ 102 ° C. The substances are yellow in colour, a fact that Biltz and 
Fischer remark upon, as both components of the addition product are 
white. ^ 

The same investigators describe four ammino - derivatives of 
stannous iodide, namely, [Sn(NH3)5]l2, [Sn(NH3)3]l2, [Sn(NH3)2]l2, 
[Sn(NH3)]l2. 

Diammino -stannous Iodide, [Sn(NH3)2]l2j is obtained as a 
yellow powder by passing dry ammonia gas over anhydrous stannous 
iodide.^ By dissolving stannous iodide in liquid ammonia at a tempera- 
ture of — 78 ° C. a white crystalline substance sej)arates containing ten 
molecules of ammonia. This, however, is not regarded as a definite 
compound, and from dissociation-pressure measurements it seems 
probable that pentammino-stannous iodide is the highest ammino- 
derivative which definitely exists. Diammino -stannous iodide, 
[Sn(NH3)2]l2, and monammino -stannous iodide, [Sn(NH3)]l2, are 
coloured, the former yellow, the latter brown. The other ammines are 
white. 

It is suggested that in the ammines of higher co-ordination number 
two shells of ammonia may surround the central metallic atom, and 
in the case of stannous bromide the co-ordination numbers are assumed 
to be 3+2 or 3 + 6 , thus giving an explanation of the ammino-comi^ounds 
containing nine or five molecules of ammonia.^ 

No ammino-derivatives of stannic bromide are known, but derivatives 
of the iodide exist. 

Octammino -stannic Iodide, [Sn(NIT3)8]l4, is produced bypassing 
dry ammonia gas into a solution of stannic iodide in carbon disulphide 
and then allowing the solvent to evaporate. It is white in colour and 
is insoluble in water.^ It may also be pre^Dared by treating anhydrous 
stannic iodide with dry ammonia gas. 

The halogen salts of tin unite with aniline and pyridine bases. 
Stannous chloride and pyridine hydrochloride unite to form the com- 
pound (C5H5N).SnCl2.2HCl. It crystallises in white needles which 
are soluble in dilute hydrochloric acid but only slightly soluble in 
alcohol.^ Stannous bromide also unites with aniline hydrobromide, 
forming the substance (C6H5NH2).HBr.SnBr2, and stannic bromide 

^ Biltz and Fischer, Zeitsch, anorg. Chem., 1923, 129, 1. 

^ Ephraim and Schmidt, Ber., 1909, 42, 3856. 

^ Hayes, J. Amer. Chem. Soc., 1902, 24, 360, 
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forms dianilino-bromo-stannate, (CgH5NH2)2-H2SnBr6, and tetra- 
anilino-bromo-stannate, (C 6 H 5 NH 2 ) 4 - 4 HBr.SnBr 4 .i 

A pyridine addition product of stannic iodide is formed by add- 
ing a solution of pyridine hydriodide in alcohol to a solution of 
stannic iodide in alcoholic hydrogen iodide. Pyridino-iodo-stannate, 
(C5ll5N)2.H2Snl6, separates in bluish-black needles which decompose 
on standing with liberation of iodine. The corresponding quinoline 
addition compound, (C9IT7N) 2.112^^16, crystallises in bluish-black crystals 
which break down on keeping.^ 

Ammino- derivatives of Lead Halides. 

Several additive compounds of ammonia and lead halides have been 
described. 

At ordinary temperatures lead chloride does not absorb ammonia, 
but if cooled to — 78 ° C. and saturated with liquid ammonia, the salt 
increases to about five times its volume, yielding a white powder of 
composition PbClg.SNITg. On raising the temperature loss of ammonia 
occurs, with the production of lower ammines. 

In 1830 Rose ^ obtained a compound of lead chloride and ammonia 
to which he gave the formula PbCl 2 . 1 - 5 NPl 3 . In 1913 Ephraim ^ 
described diammino-lead chloride, [Pb(NH3)2]Cl2, and suggested the 
possible existence of the octammino-derivative. This was confirmed 
by Biltz and Fischer,^ who also prepared the monammine, [Pb(NH3)]Cl25 
the sesquiammine, PbCl 2 l* 5 NH 3 or [Pb2(NH3)3]Cl4, and a body of com- 
position PbCl 2 . 3 * 25 NH 3 or 4 PbCl 2 . 13 NH 3 . This last-named substance is 
probably a mixture of three ammines, namely, PbClg.SNHg, PbCl2.2NH3, 
and 2 PbCl 2 . 3 NH 3 . 

Ammino -lead Tetrachlorides . — Lead tetrachloride absorbs 
ammonia more readily than does the dichloride. If dry ammonia gas 
is passed into a suspension of anhydrous lead tetrachloride in chloro- 
form, tetrammino-lead tetrachloride, [Pb(NIl3),]Cl4, or diammino-lead 
tetrachloride, [Pb(NIl3)2]Cl4, is produced, according to the concentration 
of the solution. The former crystallises in orange-yellow needles and 
the latter separates as a white powder. Both compounds are stable 
in air.^' 

Lead tetrachloride forms additive compounds with the bases pyri- 
dine and aniline, as, for example, dipyridino-lead tetrachloride, 
[Pb(C5ll5N)2]Cl4, and trianilino-lead tetrachloride, [Pb(C6H5NH2)3]Cl4. 
These compounds are prepared by adding tlie base to solutions of the 
chloride in chloroform. They decompose in moist air and on heating. 
Two pyridino-derivatives of lead dichloride arc known : a compound 
of composition 3 PbCl 2 . 4 (C 5 H 5 N), which crystallises in colourless 
needles,'^ and dipyridino-lead dichloride, which corresponds to the 
diamminc. Dipyridino-lead dichloride, [Pb(C5H5N)2]Cl2, crystallises in 
colourless needles and readily loses pyridine on exposure to air.^ 

Ricliardsoii and Adams, Amer, Ghem. J., 1899, 22 , 440. 

“ Rosenheim and Aron, Zeitsch. anorg. Gliem., 1904, 39 , 170. 

Rose, Fogg. Annalen, 1830, 20 , 157. 

Ephraim, Zeitsch. physikal. Chem., 1913, 83 , 196. 

Biltz and Fischer, Zeitsch. anorg. Chem., 1922, 124 , 230. 

Matthews, J. Amer. Ohem. Soc., 1898, 20 , 825. 

’ Classen and Zahorshi, Zeitsch. anorg. Chem., 1893, 4 , 100. 

8 Heise, J. Physical Chem., 1912, 16 , ’ 373. 
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Ammino-lead Dibromides. — By saturating lead dibromide with 
liquid ammonia at low temperatures and allowing the temperature to 
rise, several additive compounds are obtained. Thus, for example, 
the following derivatives are known: [Pb(NH3)]Br2, [Pb(NH3)2]Br2, 
[Pb(NH3)3]Br2, PbBr 2 . 5 - 5 NH 3 or 2PbBr2.1lNH3.i> 2 The last-named 
compound may be regarded as a mixed substance made up of octam- 
mino-lead dibromide, [Pb(NH3)g]Br2, and triammino-lead dibromide, 
[Pb(NH3)3]Br2. 

Ammino-lead Iodides. — Diammino-lead iodide, [Pb(NH3)2]l2, was 
prepared by Bammelsberg ^ by treating lead iodide with gaseous am- 
monia, whilst Ephraim ^ prepared monammino-lead iodide, [Pb(NH3)]l2, 
and tetrammino-lead iodide, [Pb(NH3)Jl2. Biltz and Fischer prepared, 
in addition, the derivatives, Pbl 2 . 0 - 5 NIl 3 and Pbl 2 . 5 NH 3 . The former, 
they suggest, is a mixed compound of monammino-lead iodide with 
ammonia-free lead iodide, and may have the composition PbIg.PbIg.NHg ; 
the latter, a mixed derivative of the type already mentioned, being a 
mixture of octammino-lead iodide, [Pb(NH3)8]l2, and the diammine. 

The iodide also forms additive compound with pyridine, such 
as dipyridino-lead iodide, [Pb(C5H5N)2]l2, and tripyridino-lead iodide, 
[Pb(C5H5N)3]I,.^ 

^ Ephraim, Zeitsch. physikal. Chem., 1913, 83 , 196. 

^ Biltz and Eischer, Zeitsch. anorg. Chem., 1922, 124 , 230. 

Bammelsberg, Pogg. Annalen, 1839, 48 , 166. 

^ Heise, J. Physical Chem., 1912, 16 , 373. 



CHAPTER VIII. 

METAL-AMMINES OF THE ELEMENTS OF GROUP V. 

In this group there is gradation from non-metal to metal. The element 
arsenic has some of the characteristics of a metal ; the metallic character 
becomes more marked in the element antimony, and bismuth is a true 
metal. All three elements form ammino-salts. 


Ammino-derivatives of Arsenic Salts. 

In 1830 Persoz ^ obtained a solid body of composition AsClg.SNHg 
by acting upon arsenic trichloride with ammonia gas. Rose,^ in 1841, 
described a compound obtained from arsenic trichloride to which he 
gave the formula 2 ASCI 3 . 7 NH 3 . Arsenic trichloride absorbs ammonia 
gas fairly rapidly at first, but the reaction slows down before completion, 
and the substance must be powdered several times and exposed to more 
gas before absorption is at an end. The substance formed was described 
as tetrammino -arsenic trichloride, ASCI 3 . 4 NH 3 , and appears to be 
identical with the derivatives prepared by Persoz and Rose. It is a 
yellowish-white powder which, on heating, loses ammonia, whilst 
ammonium chloride and some unchanged tetrammine volatilise. It 
dissolves gradually in water with increase in temperature and loss of 
ammonia.^ 

Hugot^ claims that the substance is most probably a mixture of 
ammonium chloride and arsenic triamide, As(NH 2 ) 3 , and not the 
ammine, for if ammonia gas is allowed to act upon arsenic trichloride 
at ---30° to -—40° C., arsenic triamide, As(NH 2 ) 3 , is formed according 
to the equation 


AsClg-f GNH3 — > As(NH2)34-3NH4CL 

The amide is a greyish- white powder which is stable below 0 ° C. 
out oT contact with air, and decomposes in water with liberation of 
ammonia. If heated above 0 ° C. the amide decomposes slowly into 
the imidc, As o (Nil) 3, decomposition being complete at 60° C. The 
reaction may be expressed by the equation 

2As(NH2)3 — As2(NH)3+3NH3. 

The imide is a stable amorphous substance, yellow in colour, is not 

1 Persoz, Ann. Chim. Phys., 1830, 44, 320. 

- Rose, Fogg. Annalen, 184i, 52, 62. 

^ Besson, Go7npt. rend., 1890, no, 1258. 

^ Hu^ot, ibid., 1904, 130, 54. 
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decomposed if heated to lOO'' C. in vacuo, and is less easily decomposed 
by water than the amide. 

Ammino- arsenic Trifluoride. — substance, of composition 
[As 2(NH3)5]F6, is formed by acting upon arsenic trifluoride vapour with 
ammonia. It is a light white powder which is decomposed by water, 
with formation of an acid solution.^ 

Ammino -arsenic Bromides. — Arsenic bromide also absorbs 
ammonia. By passing dry ammonia gas into a solution of arsenic 
tribromide in benzene, a white pow'dery substance, of composition 
[As2(NH3)7]Brg, is produced which is slightly soluble in cold water, 
decomposed by hot water, and may be recrystallised without decom- 
position from alcohol.^ Tri ammino -arsenic bromide, AsBrg.SNHg, is 
stated to be formed by passing ammonia gas over arsenic tribromide. ^ 
The triammine is pale yellow in colour, and decomposes on heating in 
a sealed tube to 300 ° C. As in the case of the tetrammino-arsenic 
chloride, it is probable that it is the amide of arsenic and not the 
ammino-salt which is formed.^ 

Ammino -arsenic Tri -iodides. — Several compounds of arsenic 
tri-iodide have been prepared. Bamberger and Philipp ^ obtained a 
compound, [x\s2(NH3)9]l3, by passing dry ammonia gas into arsenic tri- 
iodide in ether, when a bulky white precipitate was produced. On 
heating to 50 ° C. it loses ammonia, and is completely decomposed at 
higher temperatures. Arsenic tri -iodide absorbs ammonia,- slowly at 
first, and then more rapidly towards the point of saturation. The 
compound produced is a tetrammino-derivative.^ 

The substance described as tetrammino-arsenic iodide, [As(NIl3),Jl3, 
is a yellow powder which loses ammonia on heating above 50 ° C., and 
at 800 ° C. decomposes into arsenic, nitrogen, and ainmonium iodide. 
If the compound be cooled to 0 ° C. and ammonia again 2)asscd over it, 
a pale yellow liquid, of composition [As(NH3)^2]l3j formed. Iliigot 
again obtained only the amide, As(Nn2)3, on treating the iodide with 
ammonia gas. 

The ammonia additive compounds of arsenic trihalides all react 
energetically on addition of cold concentrated sul])huric acid with, 
formation of arsenic trihalides, a fact which Besson regards as evidence 
that the ammonia derivatives are true additive comiDOunds. 

Ammino-dcrivatives of organic bases arc known, such as tetra- 
cthylamino-arsenic tribromide, AsBr 3 . 4 (C 2 H 5 NTl 2 ).Il 20 , and trianilino- 
arscnic tribromide, AsBr 33 (C(jIl 5 NH 2 ).Il 20 .^ 

Ammino-derivatives of Antimony Salts. 

Antimony trichloride absorbs ammonia with formation of the 
following compounds: inonainmino-antiinony trichloride, [Sb(Nn3) [Clg ; 
diaminino- antimony trichloride, [Sb(NH3)2]Cl3 ; and triammino-- antimony 
trichloride, [Sb{NH3)3]Cl3. 

Monammino -antimony Trichloride, [Sb(NH3)]Cl3, was obtained 
by Deherain ^ by allowing molten antimony trichloride to cool in an 
atmosj^here of ammonia. A hard mass is formed, which loses ammonia 

^ Besson, Comi^l. rend., 1890, no, 1258. 

- Landau, Ohem. Zentr., 1888, 1354. 

2 Hugot, Gompt. rend., 1904, 139 , 54. 

Bamberger and PMlixjp, 1881, 14 , 2043. 

^ Deherain, Gornpt. rend., 1861, 52 , 734 . 
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readily on heating, leaving pure antimony trichloride. It volatilises 
more slowly in air than antimony chloride. In the solid state antimony 
trichloride absorbs ammonia very- slowly. 

Diammino -antimony Trichloride, [Sb(NH3)2]Cl3. — This deriva- 
tive is prepared by passing ammonia gas over molten antimony tri- 
chloride or warm antimony pentachloride.^ It is a yellowish-white 
semi-crystalline substance, which is volatile without decomposition and 
is attacked by hydrochloric acid, with formation of the compound 
NH^Cl.SbCls. 

Triammino -antimony Trichloride, [Sb(NH3)3]Cl3, is produced 
when dry ammonia is passed through a solution of antimony trichloride 
in acetone.^ A mixture of compounds is apparently formed of which 
the triammine is the chief. It is a white powdery substance which is 
sta^ble in air but loses ammonia on heating. 

Antimony pentachloride also unites with ammonia. Two pro- 
ducts are formed by passing ammonia gas into cold antimony penta- 
chloride, namely, triammino-antimony pentachloride, [Sb(NH3)3]Cl5, 
and tetrammino-antimony pentachloride, [Sb(NH3)JCl5.^ Triammino- 
antimony pentachloride is a red substance which decomposes on heating, 
with formation of a sublimate of composition 3 NH 4 Cl.SbCl 5 . Tetram- 
mino-antimony pentachloride is a white volatile substance which 
decomposes into antimony ammonium chloride. NH4Cl.SbCl5, on treat- 
ment with hydrochloric acid. 

A hexammino-derivative, [Sb(NH3)g]Cl5, is obtained by passing 
ammonia gas over antimony pentachloride and then gently heating the 
brown substance formed. On heating the colour changes to white, and 
the hexammine may be sublimed out of contact with air without 
decomposition. Water, however, decomposes it.^ 

Rosenheim and Jacobsohn ^ obtained a white crystalline addition 
compound on treating the monohydrate of antimony pentachloride with 
liquid ammonia, but the exact composition is doubtful. 

Antimony trifluoride also unites with ammonia. Diammino - 
antimony trifluoride, [Sb(NIT3)2]F3, is produced by allowing liquid 
ammonia and the lluoridc to react. Increase in volume and rise in 
temperature take place, but the reaction is only complete after several 
weeks. The ammine is a yellow powder which is sparingly soluble 
in liquid ammonia. It loses ammonia in moist air without deliques- 
cence and becomes colourless, and is almost completely dissociated 
at lOO"^ C.^ Additive compounds of antimony trichloride and 
organic bases arc known ; for example, quinolino-antimony tri- 
chloride, [Sb(C9H7N)]Cl3,^ and trianilino - antimony trichloride, 
[Sb(C6ll5Nll2)3]Cl3.'^ These are prej)ared by mixing the salt and the 
l 3 asc and allowing them to stand for some time. Trianilino-antimony tri- 
chloride crystallises in colourless needles from benzene, is decomposed 
by water, and transformed into the hydrochloride on treatment with 
hydrochloric acid. Antimony tri -iodide forms trianilino-antimony iodide, 
[Sb(CgIi5NH2)3]l3, crystallising in small yellow needle-shaped crystals. ^ 

^ .!)chorai?i, loc. cit. ^ Naumann, Ber., 1904, 37 , 4332. 

^ Rose, Borjg. Annalcn, 1831, 24 , 165. 

Rosciilieitn and. Ja{!obsohn, Zcitsch. anorg. Ohem., 1906, 50 , 307. 

•'" Ruff, Bar., 190(3, 39 , 4326. 

^ Scliiff, Ann. Chim. Phys., 1864, 131 , 161 ; Gompt. rend., 1863, 56 , 1905. 

’ Scliiff, Ber., 1901, 34 , 805. 



72 


THE METAL-AMMINES. 


Ammino- derivatives of Bismuth Salts. 

Bismuth trichloride absorbs ammonia gas on slight warming, forming 
a volatile additive compound, BiClg.SNHgA 

Triammino -bismuth Chloride, [Bi(NH3)3]Cl3, is a colourless solid 
which is stable in ammonia gas and reacts with hydrochloric acid, form- 
ing the compound 3NH4Cl.BiCl3. Along with the triammine are pro- 
duced two other non-volatile substances, 2BiCl3.NH3 and BiCl3.2NH3. 
The former is a red, fairly stable substance, which melts on heating and 
is decomposed by moisture, whilst hydrochloric acid attacks it with 
formation of the ammonium salt, 2BiCl3.NH4Cl ; the latter is greenish 
in appearance, but cannot be obtained free from 2BiCl3.NIT3. 

A mixture of diammino- and triammino-bismuth trichloride is pro- 
duced by passing dry ammonia gas into a solution of bismuth chloride 
in acetone, 2 A white powder is formed, which becomes slightly yellow 
in air and loses ammonia on heating. 

Bismuth trichloride also unites with quinoline and pyridine. Quino- 
lino -bismuth chloride, [Bi(C9H7N)]Cl3, is obtained as a white crystalline 
mass on mixing the chloride with the base. This derivative is only 
slowly decomposed by water and is not deliquescent.^ Bismuth chloride 
and pyridine form a white compound of composition BiCl3.1*5(C5H5N) 
or 2BiCl3.3(C5H5N) on adding pyridine to an ethereal solution of 
bismuth chloride,^ or it may be formed from an acetone solution of the 
chloride and excess of pyridine.^ It is a white crystalline powder, 
fairly stable towards water, and only attacked slowly by hydrochloric 
acid. Aqueous sodium hydroxide quickly decomposes the additive 
compound, 

Ammino -bismuth Bromides. — Bismuth tribromide, on warming 
in an atmosphere of ammonia, melts, becomes gradually darker in 
colour, and volatilises as a yellowish-white powder of composition, 
corresponding to triammino-bismuth tribromide, [Bi(NH3)3]Br3. The 
powder absorbs moisture from the air and is decomposed, forming bis- 
muth oxy-bromide. It is, however, difficult to obtain the triammine 
free from diammino -bismuth bromide, [Bi(NH3)2]Br3, which is formed at 
a higher temperature. On heating the residue more strongly, after vola- 
tilisation of the triammine, diammino-bismuth bromide, [Bi(NH3)2]Br3, 
distils as a dark red liquid, solidifying on cooling as an olive -green 
powder. It deliquesces in air and decomposes in contact with water. ^ 
Still another derivative is obtained by heating the remaining residue 
until no more gas is evolved, when a grey, infusible, crystalline substance 
remains, of composition [Bi2(NH3)5]]Br6. A green solid of the same com- 
position as the last-mentioned substance may be prepared by heating 
bismuth oxy-bromide in ammonia gas. It decomposes on heating in 
air, but is not deliquescent and is not decom2:>oscd by water. ^ 

Ammino -bismuth Iodides. — Bismuth triodide absorbs ammonia 
gas on heating, forming a red crystalline mass of triammino-bismuth 
tri-iodide, [Bi(NH3)3]l3.^ From this, water abstracts ammonium iodide 
without change of colour of the substance, 

^ Persoz, Ann. Ghim. Phys., 1830, 44 , 315. 

“ Naumann, Ber., 1904, 37 , 4333. 

^ Vanino and Hauser, ibiL, 1901, 34 , 416 ; 1903, 36 , 3682. 

Montemartini, Gazzetta, 1900, 30 , 493 ; 1902, 32 , 178. 

= Muir, Trans. Chem. Soc., 1876, 29 , 147 ; 1877, 31 , 27. 

® Rammelsberg, Pogg. Annalen, 1839, 48 , 168. 
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Pyridino -bismuth Iodide, [Bi(C5H5N)]l3, is formed by treating a 
cold mixture of bismuth trichloride in pyridine with potassium iodide, 
when the pyridino-iodide separates as a dark red powder A The sub- 
stance is soluble in alcohol and in aqueous potassium iodide, and separates 
from a saturated solution in red needle-shaped crystals which decompose 
on heating. The corresponding quinoline derivative, [Bi(C9H7N)]l3, is 
also a red crystalline substance, and is produced by boiling quinolino-, 
bismuth chloride with an aqueous solution of potassium iodide. 

Ephraim and Mosimann ^ obtained several interesting compounds 
of bismuth tri-iodide by combining it with cobalt-ammines. Hex- 
ammino-cobaltic iodide unites with bismuth iodide on mixing solutions 
of the compounds with formation of hexammino-cobalti-bismuth iodide, 
[Co(NH3)6]l3.Bil3. The compound separates in dark red crystals. 
Chloro-pentammino-cobalti-bismuth iodide, [Co(NH3)5Cl]l2.2Bil3, sepa- 
rates as a red crystalline powder, and dinitro-tetrammino-cobalti-bismuth 
iodide, [Co(NH 3 ) 4 (N 02 ) 2 ]I-Bil 3 , in red hexagonal crystals. The com- 
pounds are sparingly soluble in water, and are formed when aqueous 
solutions of the complex ammine and bismuth salt, dissolved in potassium 
iodide, are mixed. 

^ Vanino and Hauser, Ber., 1901, 34 , 416. 

2 Ephraim and Mosimann, ibid., 1921, 54 , 396. 



CHAPTER IX. 

METAL-AMMINES OF THE ELEMENTS OF GROUP VI. 

Subgroup A — Chromium, Molybdenum, Tungsten, Uranium. 

These elements constitute the metallic elements of Group VI. They 
are characterised by the complexity of their compounds, especially the 
0x3^ -compounds. For example, the elements all form important complex 
oxides, and from these are derived highly complex oxy -salts and acids. 

Chromium, the first member, forms complex oxy-salts, cyanides, 
and ammines. The ammino- derivatives constitute nearly as large a 
class as those of cobalt, and many of them are remarkably stable. 

AMMINO -DERIVATIVES OF CHROMIUM SALTS. 

Chromium forms two series of salts, known as chromous and chromic, 
where the metal is divalent and trivalent respectively. The chromous 
salts, which are unstable and readily pass into the stable chromic salts, 
form several crystalline hydrates. For example, chromous chloride 
may be obtainecl of composition CrClg.CHeO, CrClg.^HgO, CrCl2.3ll20, 
or CrCl 2.211 2O. No ammonia additive compounds of the salts have 
been prepared, although a hydrazine derivative, CrCl2.2N2ll4, is known. 
Ilydrazino-chromous chloride is very stable in air, only slightly soluble 
in water, and dissolves in aqueous ammonia with formation of a deep 
blue solution.^ 

Chromium in the trivalent state forms a variety of salts, the most 
important and the simplest being the violet salts, which liberate in 
aqueous solution chromium cation Cr’*’. A green series of chromic salts, 
isomeric with the violet salts, liberate in aqueous solution some chromium 
cation, whilst part of the chromium is present as a complex ion. With 
weak acids, sulphurous, h^nlrocyanic, or thiocyanic acids, the chromic 
ion forms complex ions of great stability. Finally, a very large group of 
salts exists where chromium associated with ammonia forms the complex 
ion, the chromi-ammines. 

The first well-characterised ammonia additive derivative of chromium 
was prepared by Fremy in 1858 . Shortly after, in 1862, the compound 
was examined by Cleve,^ who prepared a number of compounds of 
chromic salts and ammonia. He proved the composition of these 
substances and endeavoured, in so far as the knowledge of that time 
allowed, to explain their constitution. 

Cleve gave descriptions of the aquo-tetrammino -chromic halogen 
1 Traube and Passarge, Bcr., 1913, 46 , 1505. 

“ Premy, Com 2 )t. rend., 1858, 47 , 883. 
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salts, and showed the existence of additive compounds containing less 
ammonia in the molecule. In 1861 Morland ^ obtained a salt containing 
ammonia by melting together ammonium thiocyanate and ammonium 
dichromate, and from the melt Reinecke,^ in 1863, isolated an ammonium 
salt of composition [Cr(NI-l 3 ) 2 (SCN) 4 ]NH 4 , to which was given the name 
“ Reinecke salt.” Reinecke prepared analogous compounds, and his 
work was further investigated by Nordenskjold ^ and Christensen ^ in 
1892. 

The research of J orgensen ^ on the chroini-ammines is important ; he 
prepared a large number of compounds, and proved that the compounds 
richest in ammonia contained six molecules of ammonia for every 
molecule of chromic salt ; that a series of salts could be formed contain- 
ing five molecules of ammonia, the acido-pentammino-salts ; and that 
other derivatives could be prepared containing more than one atom of 
chromium in the molecule. He also examined Cl eve’s aquo-tetrammino- 
chromic halogen salts, and proved that they may be regarded as acido- 
pentammino-salts where one molecule of ammonia is replaced by a 
molecule of ynter, the pentammino-salt, [Cr(NH 3 ) 5 R]R 2 , becoming "the 
acido-aquo-tetramniino-salt, [Cr(NH3)4R(H20)]R2. He compared the 
chroini-ammines with the cobalt-ammines, and found that the properties 
of the two classes correspond generally, and therefore the two series 
must be given the same constitutional formulae. 

In 1893 Werner founded his new constitutional formula for inorganic 
compounds, applied the theory to the systematic classification of the 
chroini-ammines, and found that all the chromi-ammines which had 
been investigated could be fitted in to his system of classification. Since 
then the chemistry of the chromi-ammines has been further developed 
by Werner, Pfeiffer, and many others ; relationships have been traced 
between chromi-ammines, complex salts, and chromic salt hydrates, and 
numerous cases of isomerism have been discovered in this series of 
amraincs. 

The chromic salts readily combine with ammonia or substituted 
ammonia molecules, forming ammines. They contain a complex ion 
made up of one atom of chromium and six molecules of ammonia, or 
corresponding basic groups for every molecule of ammine. This cation 
is trivalcnt, and remains trivalent even if ammonia is replaced by neutral 
groups. If, however, acidic grouj^s replace ammonia the valency is 
correspondingly modified, and each monovalent acidic group entering, 
tlic complex reduces the valency by one. Hence the complex ion in 
the chromi-ammines may be trivalent, divalent, monovalent, or if more 
acidic groups arc . present than ammonia the complex may become 
anionic in character. The salts are capable of undergoing double 
decomposition where the complex acts as a whole, giving rise, therefore, 
to a large number of derivatives. Like other complex substances they 
do not give tlic ordinary ionic reactions of the metal, and acidic groups 
in the complex, being un-ionised, do not give the usual acidic reactions. 
For example, hexammino-chromic chloride, [Cr(NlT 3 ) 6 ]Cl 3 , is ionised 
in aqueous solution, each molecule yielding four ions, namely, 
[Cr(NH 3 )(j]‘", and three chlorine ions, whereas each molecule of chloro- 
^ Morliind, Quart. J. Chem,. Soc., 1801, 13 , 252. 

“ Jtoinock(‘, Annalen, 1803, 126 , 113. 

Nordenskjold, Zcituch. anorg. Cham., 1892, i, 126. 

Cbristcmcn, J. praJet. Chem., 1892, [2], 45 , 213. 

^ Jorgensen, ibid., 1891, 44 , 63 ; 1892, 45 , 274. 
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pentammino-chromic chloride, [Cr(NH3)5Cl]Cl2, gives, in solution, 
only three ions, nanaely, [Cr(NH3)5Cl]**, and two chlorine ions. 

As the various theories of the constitution of the metal -ammines have 
been discussed,^ only the constitutional formulae for these compounds, 
adopted at the present time, will be used. 

Chromium has a maximum co-ordination number of six; the 
chromium atom, therefore, may combine with, at most, six mono- 
valent atoms or groups, over and above its ordinary valency value, with 
formation of a complex radicle. Hence chromic chloride is capable 
of associating with, or adding on, six molecules of ammonia with for- 
mation of the derivative, [Cr(NH3)6]Cl3. Ammonia may be replaced 
by a substituted ammonia group or some other basic group, such as 
alkyl amine, pyridine, or ethylenediamine. 

The chromi-ammines containing one atom of chromium in the 
molecule form by far the largest class of these additive compounds. 

The following scheme serves as a convenient method of classification, 
and is based on the one adopted by Abegg.^ 


CLASS I. CHROMOUS SALT AMMINES. 

No ammonia additive compounds of chromous salts are known, but 
certain salts unite with hydrazine, forming complex salts of the same 
type as the ammines. 

CLASS II. CHROMIC SALT AMMINES, THE CHROMI-AMMINES. 

These comprise a very large number of compounds, and are sub- 
divided into three groups. 

A. Mononuclear Chromi-ammines containing One Atom of 
Chromium in the Molecule. 

This class is by far the largest, and is further subdivided according 
to the number of ammonia molecules and acidic, or other, radicles in 
the complex, in the following manner : — 

1. Cofupomids containing Trivalent Cation, 

General Formula [CrAgjRg 

(where A=NH3 or substituted ammonia 
and R=mono valent acidic radicle). 

(a) Hexammino-chromic salts, luteo-salts, [Cr(NH3)6]R3. 

{h) Triethylenediamino-chromic salts, [Cren3]R3 (where en=:cthyl- 
enediamine). 

(c ) Diethylenediamino-propylenediamino-chromic salts, [Cr cm gpr | R3. 
{cl) Aquo-pentammino-chromic salts, roseo salts, [Cr(NH3)5H20JR3. 
[e) Diaquo-tetrammino-chromic salts, [Cr(NH3)4(H20)2]R3. 

(/) Triaquo-triammino-chromic salts, [Cr(NH3)3(H20)3jR3. 

{g) Tetraquo-diammino-chromic salts, [Cr(NH3)2(H2^)4]I^3- 
(/^) Hexaquo-chromic salts, [Cr(H20)6]R3. 


^ See Chapter III. 

^ Abegg, Handhuch der anorganischen Gliemie, Band iv. (Hirzel, Leipzig, 1921). 
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2. Ammines containing Divalent Cation, 

General Formula [CrAgHJRg. 

{a) Hydroxo-pentammino-chromic salts, [Cr(NH 3 ) 50 H]R 2 . 

(b) Hydroxo-aquo-tetrammino-chromic salts, 

[Cr(NH3)4.H20.0H]R2. 

(c) Hydroxo-diaquo-triammino-chromic salts, 

[Cr(NH3)3(H20)20H]R2. 

(d) Hydroxo-triaquo-diammino-chromic salts, 

[Cr(NH3)2(H20)30H]R2. 

{e) Acido-pentammino-chromic salts, [Cr(NH 3 ) 5 R]R 2 . 

(/) Acido-aquo-tetrammino-chromic salts, [Cr(NH3)4H20.R]R2. 

3. Ammines containing Monovalent Cation, 

Gejieral Forimda [CrA^RgJR. 

[a) Dihydroxo-diaquo-diammino-chromic salts, 

[Cr(NH3),(H,0),(0H),]R. 

{h) Diacido-tetrammino-chromic salts, [Cr(NH 3 ) 4 R 2 ]R. 

(c) Diacido-aquo-triammino-chromic salts, [Cr(NH 3 ) 3 H 20 .R 2 ]R. 

(d) Diacido-diaquo-diammiiio-chromic salts, 

[Cr(NH3)2(H20)2R3]R. 

{e) Diacido-tctraquo-chromic salts, [CrR2(H20)4]R. 

4. Ammines containing Non-dis sociable Complex* 

General Formula. [CrAgRg]. 

[a] Triacido-triammino-chromium, [Cr(NH 3 ) 3 R 3 ]. 

(/;) Trihydroxo-aquo-diammino-chromium, [Cr(NH3)2(0H)3(H20)]. 
\c) Triacido-triaquo-chrommm, [CrR3(Ii20)3]. 

5, Ammines containing Monovalent Anion, 

General Formula [CrA 2 R 4 ]M 

(wlicrc mono valent metal). 

{a ) Dioxalato-diamniino-chromiiim derivative, [Cr(NIl 3 ) 2 (C 204 ) 2 ]M. 
(/;) Dichloro-dibromo-diammino-ehromium derivative, 

[Cr(NH3)2Cl2Br2]M. 

0. Salts with Trivalent Anion. 

General Formula [CrRgJMg. 

These arc rci^ardcd as comparable with the ammines in structure. 


B. Polynuclear Ghromi-ammines containing Two or more 
Chromium Atoms in the Molecule. 

G. Ghromi-ammines of Unknown Constitution. 

The cliromi-ammines show very clearly the parallelism between 
hydrated salts and ammino-salts. It has been proved that water may 
be gradually substituted for ammonia in the metal-ammines, and in 
the hexaminino-salts of chromium all degrees of substitution, with the 
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exception of one, have been obtained. Thns, from hexammino-chromic 
chloride, [Cr(NH3)o]Cl3, six derivatives are theoretically possible;^ 
five of these are known, the only one missing being the monammine, 
which is so unstable that it has not been prepared. The following 


series of compounds are 

therefore known : — 


[Cr(NH3)6]Cl3; 

[Cr(NH3)5H30]Cl3; 

Aquo. 

[Cr(NH3),(H30),]Cl3; 

X)iaquo. 

[Cr(NH 3 ) 3 (H 30 ) 3 ]Cl 3 ; 

Triaquo. 

[Cr(NH3)3(H30),]Cl3; 

Tetraquo. 

[Cr(NH3)(H30)3]Cl3; 

Pentaq uo ( un kn own ) . 


[Cr(H30)3]C]3. 

Hexaquo 



(bine hexahydrate of chromic chloride). 

The last three derivatives lose two molecules of water very readily, and 
chlorine enters the complex, giving compounds with only one ionisal^le 
chlorine atom in the molecule. 

Water and ammonia, therefore, behave similarly in the formation 
of substitution compounds, and there is gradation from ammino-salt 
through aquo-ammino- to purely aquo- or hydrated salt ; further, the 
entrance of water in place of ammonia does not alter the ionic nature 
of the acidic radicles outside the comjolex. 

When aquo-pentammino-salts lose water the acid residue enters 
the complex, just as in the case of loss of ammonia from the complex. 
For example, aquo-pentammino-chromic chloride, [Cr(NH3)5(H20) ICI3, 
on loss of water becomes chloro-pentammino-ehromic chloride, 
[Cr(NIT3)5Cl]Cl2. Other aquo-salts behave similarly, and almost any 
acidic radicle attached to the complex as a whole may in this ^vay ])e 
caused to enter the complex itself. 

The entrance or elimination of water in the chromi-ammines causes 
a change in the ionic properties of the acidic radicles. Thus, the 
compound trichloro-triammino-chromium, [Cr (Nil 3)301 3], has no ionic 
properties, but if water be introduced, the conqmund becomes dichloro- 
aquo-triammino-chromic chloride, [Cr(NIl3)3Cl2ll20 |C 1 , and an acid 
radicle being thrown out of the complex becomes ionic in hinction. 
Further entrance of water causes elimination of another acid radicle, 
with the result that chloro-diaquo-triammino -chromic chloride, 
[Cr(NH3)3Cl(H20)2]Cl2, is formed, two acid radicles becoming ionic. 
Finally, three molecules of water enter the complex, wlicn all 
the acid radicles become ionic, the substance liaving the formula 
[Cr(NIT3)3(H20)3]Cl3.2 A reverse set of changes occurs if water be 
eliminated, and with complete elimination all three radicles, having 
now entered the complex, become non-ionic. 

The chromi-ammines are produced by the action of ammonia and 
ammonium salts on chromic salts, or by the action of ammonia in 
presence of ammonium salts on chromous salts and subsequent oxida- 
tion. The second method is analogous to that for the formation of 
cobalt-ammines. The chromi-ammines form a group of coloured 
substances, and comprise unstable and stable derivatives, some of which 
are very complex. 

^ Werner, Ber., 1906, 39 , 2656. 

2 Frowein, Zeitsch. anorg. Ghem., 1920, no, 107. 
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Isomerism in the Chromi-ammines. 

Numerous cases of isomerism occur, tire isomerism being of tlie 
following types : — ” 

1 . Polymerisation Isomerism.— The complex ammines, ICrlNHJ, 
(SCN)3][Cr(NH3)3(SCN)3] and [Cr(NH3),(SCN) J[Cr(NH3),(SCN);]! 
may be regarded as polymeric with trithiocyanato-triamniino-chromium, 
[Cr(NH3)3(SCN)3].’' The same type of isomerism occurs in the com- 
pounds [Cren3][Cr(SCN)6] and [Cr(SCN)2en2]3[Cr(SCN)g].2 • 

2 . Co-ordination Isomerism, — ^As examples of this type of iso- 
merism, triethylenediamino-chromi-hexacyano-cobalt, [Cren3][Co(CN)6], 
is isomeric with triethylenediamino - cobalti - hexacyano - chromium, 
[Co en3][Cr(CN)6] ; and hexammino - chromi - trioxalato - chromium’ 
[Cr(NH3'^)6][Cr (€204)3], is isomeric with oxalato-tetrammino-chromi- 
dioxalato-diammino-chromium, [Cr(NH3)4(C204)][Cr(NH3)2(C204)2].2 

3 . Hydrate Isomerism, — Chromic chloride hexahydrate, CrClg.GHaO, 
itself occurs in isomeric forms. Three isomers are known, a greenish- 
blue form and two green forms. The greenish-blue form contains 
chlorine, which functions ionically in aqueous solution, and has the 
formula [Cr(H20)6]Cl6, where water is represented as forming part 
of the co-ordination complex.^ The other two forms behave differently 
in aqueous solution, for, in the one case, it is only possible to precipitate 
two-thirds of the chlorine with silver nitrate when it is added to a 
freshly prepared solution acidified with nitric acid, and in the other 
case only one chlorine atom is precipitated with silver nitrate from a 
fresh solution. The former has, the formula [Cr(H 20 ) 5 Cl]Cl 2 .H 20 ,^ the 
latter, which is green in colour, has the formula [Cr(H20)4Cl2]CL2H2C>.^ 
The water outside is very easily removed, and its removal does not 
affect the properties of the complex. The same type of isomerism is 
observed in the ammines; for example, dichloro-diaquo-dipyridino- 
chromic chloride, [Cr py 2 Cl 2 (H 20 ) 2 ]Cl, is isomeric with trichloro-aquo- 
dipyridino-chromium monohydrate, [Cr py 2^13(1120 )].H20.^ 

4 . Ionisation Isomerism. — This is shown in the chromic hydrates, 
chloro-pentaquo-chromic sulphate, [Cr(H20)5Cl]S04, and sulphato- 
pentaquo-chromic chloride, [Cr(H20)5S04]Cl.^ 

5. Stereo - isomerism. — Two isomeric dichloro - diethylenediamino- 
chromic chlorides, [Cr eUoCUlCl, are known, a violet modification and 
a green modification. Dibromo-diethylenediamino-chromic chloride 
exists also in two forms, and many other examples of this type of 
isomerism arc known. The configuration of these isomers was deter- 
mined by showing that from oxalato-diethylenediamino-chromic salts, 
[Cr en2(C2^4) only chloro- and bromo-salts of violet colour could be 
obtained, and as these oxalato-salts form ring compounds, and only 
violo salts arc obtained from them by replacement of the (C2O4) groiq:) 
by chlorine or bromine, these chloro and bromo salts are regarded 
as cz,s‘-salts. The i/Ym,s‘-salts isomeric witli them are not obtained in 

^ Werner, Ne.iv Ideus on Inorganic Gliemidrij. Translated by E. P. Hedley (Longmans, 
1911), ]). 232. 

2 PfedTcr, Annalen, 190G, 346 , 28. 

2 Gubser, Ber., 1901, 34 , 1001. 

Bjerrum, ibid., 1906, 39 , 1599. 

^ Pfeiffer, Zeitsch. anorg. Ghem., 1908, 58 , 322. 

® Weinlaiid and Schumann, Ber., 1907, 40 , 3091 ; Zeitsch. anorg. Ghem., 1908, 58 , 176. 
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this way. The formation of m-salts is represented in the following 
manner : — ^ 



Oxalato-diethylenediamino- Dichloro-diethylenediaraino- Dibromo-dietliylenediamino- 
cliromic complex. chromic complex. chromic complex. 

Cis. Gis. Cis. 


The green frmis-compounds are formed from 1 , 6 -dithiocyanato-di- 
ethylenediamino-chromic salts by replacement of thiocyanato radicles 
thus : 

SCN Cl 

" Cr 

Cl 

Trans- clichloro - d iethylene diamino - 
chromic complex. 

6 . Valency Isomerism, — Finally, in the polynuclear compounds 
occur cases of valency isomerism. For example, the decammino-ol- 
dichromic salts or rhodo-chromium salts, [(NH3)5Cr.OH.Cr(NH3)5]R5, 
are isomeric with the decammino-hydroxonium chromic salts or erythro- 
chromic salts, [(NH3)5Cr.O.Cr(NIl3)5]R4. The rhodo-salts arc red and 

H 

R 

neutral in reaction, the isomeric erythro-salts have strongly acid reaction, 
and may be transformed into the rhodo-salts by the aetion of heat. 


Cr 


SCN 


Class IL (A). — Mononuclear Chromi-ammines containing One 
Atom of Chromium in the Molecule. 

1 . Chromic Salts with Trivalent Cation, [CrAg]***. 

(a) Hexammino -chromic Salts, Luteo-salts. 

This series of salts is yellow or brown in colour, and consists of the 
true hexammino-compounds, and also compounds where all, or ]xart, 
of the ammonia is replaced by ethylenediamine or propylenediamine. 
Every molecule of ethylenediamine or propylenediamine replaces two 
molecules of ammonia, and thus occupies two co-ordination positions in 
the complex. A few compounds are known where urea rej^laces ammonia 
in the complex, and in this case one molecule of urea replaces one molecule 
of ammonia, and occupies one co-ordination position only. 

The hexammino-chromic salts are formed by reducing potassium 
dichromate in acid solution with alcohol. Zinc is added so that reduction 

^ Pfeiffer, Ber., 1904, 37, 42o5. 
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takes place in an atmosphere of hydrogen, and the reduced solution is 
then run into a mixture of ammonium chloride and concentrated aqueous 
ammonia. The blue solution obtained is then placed in a cooled flask 
and the hydrogen allowed to escape. With removal of hydrogen the 
liquid begins to oxidise, and when oxidation is complete ammonium 
chloride and hexammino -chromic chloride are precipitated. The salt 
is washed free from admixed ammonium chloride by treating the mixture 
with cold water, in which hexammino -chromic chloride is easily soluble, 
and from the solution hexammino-chromic nitrate is precipitated by the 
addition of concentrated nitric acid. 

The salts may also be prepared by oxidising a solution of chromous 
salt in an aqueous solution of ammonium sulphate by means of iodine. 
The nitrate or the chloride is usually prepared first, and the other salts 
obtained from them by double decomposition. 

The salts are stable in air in absence of light, and are decomposed 
on heating to 100 ° C. The chloride, nitrate, and sulphate are fairly 
soluble in water, the other salts are sparingly soluble. They form 
many double salts. 

Hexammino-chromic Nitrate, [Cr(NH3)6](N03)3, is obtained 
by the method described above.^ It crystallises in brilliant orange- 
yellow plates or prisms, is insoluble in alcohol and soluble in cold water, 
one part dissolving in forty parts of water ; the addition of soluble 
sulphates to the solution causes the precipitation of the less soluble 
nitrate-sulphate, [Cr(NH3)e](N03)(S04), which crystallises in glisten- 
ing yellow octahedra. Sodium chloroplatinate added to an 
aqueous solution of the nitrate precipitates the nitrate-chloroplatinate, 
[Cr(NH 3 )e](N 03 ).(PtCle).H 20 . 

The acid nitrate, [Cr(NH3)6](N03).HN03, is produced by dissolving 
the normal salt in water and adding concentrated nitric acid.^ 

Hexammino-chromic Chloride, [Cr(NH 3 ) 6 ]Cl 3 .H 20 , is pro- 
duced by the addition of concentrated hydrochloric acid to a solution 
of the nitrate, or, better, by the decomposition of the mercury double 
salt, [Cr(NH3)6]Cl3.(ITgCl2), with hydrogen sulphide, when a purer 
chloride is obtained.^ It is formed as one of the products of the action 
of liquid ammonia on anhydrous violet chromic chloride.^ 

The salt crystallises in large, efflorescent, yellow leaflets, which are 
soluble in water and decompose on treatment with concentrated hydro- 
chloric acid, with formation of chloro-pentammino-chromic chloride, 
[Cr(NH3)5Cl]Cl2. . , . 

The double salt, [Cr(NH3)6]Cl3.HgCl2, mentioned above, is prepared 
from crude hexammino-chromic nitrate by dissolving it in cold water and 
adding concentrated hydrochloric acid and a solution of mercuric chloride 
in acid. It forms yellow octahedral plates and is decomposed by water. 
By adding the salt to a boiling aqueous solution of mercuric chloride, 
acidifying with dilute hydrochloric acid and filtering the hot solution, 
glittering yellow needles of composition [Cr(NH 3 ) 6 ]Cl 3 . 3 HgCl 2 separate. 

Hexammino-chromic Chloroplatinate, [Cr(NH3)6]2(PtCl6)3. 
GHgO, is formed by the addition of sodium chloroplatinate to a neutral 
solution of hexammino-chromic chloride. It is very sparingly soluble 

^ Jorgensen, J. 'p'^ahL Chem., 1884, 30, 1. 

- Jorgensen, ibid., 1891, 44, 63. 

^ Jorgensen, ibid., 1884, 30, 12. 

^ Christensen, Zeitsch. anorg. Ghem., 1893, 4, 229. 
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in water and crystallises in orange-yellow prisms. In acid solutioi 
substance of composition [Cr(NH3)6]2Cl2.(P^'l6)2-^^ ^29 
in orange-yellow needles, is formed, and on liirtlier addition of acic 
becomes dark orange in colour, and has the composition [Cr(NH3)g]( 
(PtCl 6 ). 2 H 20 * The two latter compounds are decomposed by wa 
into the normal salt. 

Hexammino -chromic Bromide, [Cr(NH3)3]Br3, is precipitai 
from a concentrated solution of the nitrate of the scries by decomp 
ing it with concentrated hydrobromic acid. The orange-yellow pla 
which separate are decanted from the solution, Avashcd with dih 
hydrobromic acid and then with water. It . is easily soluble in pi 
water but sparingly so in presence of hydrobromic acid. The tra 
formation of the salt into bromo-pentainmino-chromic bromide 
heating with acid takes place more slowly than the analogous react! 
with the chloride of the series. 

The bromoplatinate, [Cr(NH 3 ) 6 ]PtBr 6 . 6 H 20 , is obtained in i 
same way as the chloroplatinate, and crystallises in orange-red prisn 

Hexammino -chromic Iodide, [Cr(NIl3)6]l3, is also formed 
the decomposition of the nitrate. A solution of hexammino-chron 
nitrate is shaken with solid potassium iodide, the ])reeipitatc formed 
washed with hydriodic acid, dissolved in cold water, and rcprecipitat 
with dilute acid. It separates in yellow rhombic plates and is sparing 
soluble in cold water. On warming with hydriodic acid iodo-pei 
ammino-iodide is not produced.^ 

Hexammino -chromic Oxalate, [Cr(NIl 3 ) 6 ] 2 (C'P 4 ):j I^ 4 ^? p: 
pared by decomposing a solution of the nitrate with aeputous ammoi 
and a saturated solution of ammonium oxalate. The salt, being di 
cultly soluble in hot water, is almost coniidetely prceipitatc^d in crystalli 
aggregates. It is decomj^osed on prolonged heating at 100 " C., and los 
water if left to stand over sulphuric acid. 

A double oxalate, the chromi- oxalate, [Cr(NIT;j)<j || Cr((/ 2(),, )3 |.: 3 ll 2 
is produced by treating a solution of hcxammino-ctiromic* nitrate wi 
aqueous blue potassium chromi-oxalatc. A grey i)n‘(‘ipitat(‘ is fi] 
obtained, and on allowing the liquid to stand, dark gna^n lea (let s se| )arg 
which are collected, well washed with cold water, and drical.- Otli 
double salts are produced in similar manner from llu^ nitrate. P 
example, the chromi-cyanidc, [Cr(NIl3)3 |Cr(CN)(., Ibrmt‘d by addi: 
potassium chromi -cyanide, [Cr(CN)Q]K3, to a solution of ihc nitrai 
crystallises in long orange-yellow needles ; ihv (erricyanic 
[Cr(NIl3)6]Fe(CN)(j, obtained by decomposing the nitrai (‘ with potaxsiu 
ferricyanide, is sparingly soluble, and is a iH'ownish-yellow erystalli 
substance. 

(b) Triethylenediamino -chromic Salts, [€r en.jJR.p 

This series, which corresj^onds to the licxainmino-ehroniie salts, w 
discovered by Pfeiffer in 1900 .^ 

Triethylenediamino -chromic Chloride, |('r en..lC1.j,:Un 20, 
formed by adding gradually the theoretical (piantil\’ of t ihtihwo-t 
pyridino-chromium, [CrpygC^], to ethylencdiamine inonohydrate ; ( 

^ Jorgensen, J, prakt. Chem.., 1884, 30 , 22. 

“ Pfeiffer and Basci, Annahn, 1900, 346 , 4 (). 

^ Jorgensen, Zeitach. anorg. Chew.., ]90(), 24 , 271. 

^ Pfeiffer, ibid., 1900, 24 , 279. 
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warmiiiGi', the mixture becomes green, and most of it passes into solution. 
The pyridine liberated is removed, and the reaction product dissolved 
in water and precipitated from it with alcohol. The compound may 
also be prepared from chromic alum. Dehydrated chromic alum is 
warmed on a water-bath with ethylenediamine monohydrate, a ^T-ellow^ 
mass is formed, which is then treated with a small quantity of water ; 
the triethylenediamino-salt goes into solution, leaving a red powder 
consisting of a complex salt, [Cr 4 ( 0 H) 6 en 6 ](S 04 ) 3 , undissolved. From 
the solution triethylenediamino-chromic chloride is precipitated as a 
yellow powder on the addition of ammonium chloride, and the crude 
product is recrystallised from a little warm water. ^ The same product 
is formed by the action of ethylenediamine on cis- or //rm^-dichloro- 
diethylenediamino-chromic chloride. ^ The salt crystallises in orange- 
yellow prisms, is easily soluble in water, yielding a neutral solution, 
and decomposes on exposure to sunlight, or when its aqueous solution is 
warmed. On treatment with moist silver oxide a strongly alkaline, 
unstable solution is obtained, which precipitates the hydroxides of many 
of the metallic salts and behaves as the base, [Cr(en) 3 ](OH) 3 .^ 

Triethylenediamino-chromic Nitrate, [Cr(en) 3 ](N 03 ) 3 , is pre- 
pared from the chloride by treating the aqueous solution with the cal- 
culated quantity of silver nitrate ; the precipitated silver chloride is 
removed by filtration, and, on the addition of alcohol to the filtrate, the 
nitrate separates and is then recrystallised from water. It crystallises 
in yellow transparent clusters, which become reddish in colour on 
warming, but on cooling regain their original colour. 

Triethylenediamino-chromic Bromide, [Cr en3]Br3.crIl20 (a: may 
be 5 or 3), is formed from the chloride by the addition of hydro- 
bromic acid, when the bromide is almost quantitatively precipitated. 
The crude product is recrystallised from water at to 40*^ C. It 
crystallises in long, clear yellow prisms, which arc less soluble than the 
chloride. 

Triethylenediamino-chromic Iodide, [Cr eiigjlg.IIaO, is ob- 
tained from the chloride by decomposing it with hydriodic acid and 
recrystallising the product from water. It crystallises in yellow leaflets, 
wliich arc less soluble in water than either the chloride or the bromide. 

Triethylenediamino-chromic Thiocyanate, [Cr en3|(SCN)3.H20, 
is obtained in compact, yellow crystals by decomposing the chloride 
with ammonium thiocyanate and recrystallising the crude ])roduct 
from water. It is stalfle towards light, and decomposes on heating 
to C., with loss of one molecule of ethylenediamine and forma- 

tion of //Y/^/.v-dithiocyanato-diethylencdiamino-chromic thiocyanate,^ 
[Cr cn 2 (SCN) 2 ]SCN. 

(c) Diethylenediamino-propylenediamino -chromic 
Salts, [Cr en2pn]R3. 

x\ scries of salts is known of the above type where ethylenediamine 
and j)roj)yleiicdiaminc enter the chromic complex, giving rise to mixed 
salts. This series was described by Pfeiffer in 1908.^ 

> PfeilTer, Bcr., 1904, 37, 4277. 

“ Cfeilfcr, Zcitsch. anorg. Cham., 1908, 58, 311. 

=» Pfeiffer, ibid., 1900, 24, 278. 

^ Pfeiffer, ibid., 1900, 24, 294; 1901, 29, 113. 

Pfeiffer, ibid., 1908, 58, 297. 
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Diethylenediamino-propylenediamino-cliromic Thiocyanate, 
[Cr en2pn](SCN)3.|H20, is prepared by heating m-dicliloro-diethyl- 
enediamino-chromic chloride, [Cr eiiaClglCl, with propylenediamine 
monohydrate on a water-bath for some time until the mass becomes 
yellow. It is then cooled, treated with a little water, filtered, and a 
concentrated aqueous solution of ammonium thiocyanate added to the 
filtrate. Small yellow crystals separate, which are recrystaliised from 
warm water. They are soluble in water and insoluble in alcohol. ^ 

From this salt the bromide, [Cr engpnJBrg.SlIaO, is prepared by 
decomposing it with concentrated aqueous hydrobromic acid. A finely 
crystalline precipitate separates, which is recrystallised from water and 
alcohol in glistening yellow clusters. 

The Mide, [Cr en2pn]l3.2H20, is obtained in lustrous yellow 
needles by decomposition of the thiocyanate with potassium iodide. 
The iodide is more soluble in water than triethylenediamino-chromic 
iodide, and is insoluble in alcohol and ether. The aqueous solution is 
decomposed by moist silver oxide, giving a strongly- alkaline solution 
containing the base, [Cr en2pn](OH)3. 

Tripropylenediamino-chromic salts are prepared in a similar manner 
to triethylenediamino-salts, and have the same general properties.^ 
Tripropylenediamino-chromic Iodide, [Cr pn3]l3.H20, may be 
prepared, for instance, by the decomposition of trichloro-tripyridino- 
chromium with propylenediamine monohydrate. It crystallises in small 
yellow needles, soluble in water, and is decomposed by moist silver oxide 
with liberation of the base, [Cr png] (011)3. 

Isomerism in the Triethylenediamine Series. — Two configura- 
tions for these salts are possible, the one being the mirror image of the 
other, thus : 



Each of the compounds mentioned, therefore, should exist in a 
racemic form and two optically active forms. After Werner had 
succeeded in isolating optically active forms of the corresponding 
cobalt compound, he attempted to isolate, by the same means, isomers 
of the chromic series. Optically active tartaric acid, chloro- or bromo- 
tartaric acid, camphor-sulphonic acid, and brom-camphor-sulphonic acid 
proved unsatisfactory, since the aqueous solutions change on eva])ora- 

CO 

tion ; but sodium d-camphor nitronate, : NOgNa, proved a useful 

reagent, and by its means triethylenediamino-chromic iodide and tri- 
ethylenediamino-chromic thiocyanate were resolved.^ 

Resolution of Triethylenediamino-chromic Iodide.— Tricthyl- 
enediamino-chromic chloride in aqueous solution was mixed with 
sodium d-camphor nitronate, when the sparingly soluble d-triethylcnedi- 

^ Pfeiffer, Zeiisch. anorg. Chem., 1908, 58 , 297. 

“ Pfeiffer and Haimann, J3er., 1903, 36 , 1004. 

^ Werner, ibid., 1912, 45 , 865. 
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amino-chromic d-camphor nitronate immediately separates as a yellow 
powdery precipitate. This is collected, and after salting out the 
remaining d-salt, 1-triethylenediamino-chromic d-camphor nitronate 
remains in the mother-liquor. 

d-Triethyienediamino-chromic Iodide, [Cr engJIg-HgO, results 
on treating the d-camphor nitronate, in presence of water, with solid 
sodium iodide in sufficient quantity to cause the mixture to set to 
a solid yellow mass. It is washed with a little water, then with 
alcohol and ether, and purified by reprecipitation from a concentrated 
aqueous sojution by means of sodium iodide. It forms fiat golden- 
yellow crystals, and has rotation : 

[a]D = -ffiO%‘ [M]d =+378-67^ 

l-Triethylenediamino - chromic Iodide, [Cr eugJIg.HgO, is ob- 
tained from the mother-liquor from the action of sodium d-camphor 
nitronate and racemic triethylenediamino-chromic chloride by adding 
sodium iodide, filtering off the precipitate of inactive [Cr eiigjlg formed, 
and adding solid sodium iodide to the filtrate when the 1-modification 
separates. In appearance it resembles the d-salt, and has rotation : 

[a]D=-60° ; [M]d = -378'67°. 

d- Triethylenediamino-chromic Thiocyanate, [Cr en 3 ](SCN) 3 . 
IlgO, is obtained when a concentrated solution of d-iodide is treated 
with solid potassium thiocyanate. The d-salt separates as a yellow 
crystalline powder with rotation : 

[a]D = +78° ; [M]d =330-72°. 

The 1-salt is formed similarly from 1-iodide, and has rotation : 

[a]j) = — 80°; [M] 3 > =—339-2°. 

From these results it is therefore assumed that all members of the 
scries arc racemic salts, which may be resolved into optically active 
forms. 


(d) Aquo-pentammino -chromic Salts, Roseo-salts, 
[Gr(NHg),HoO]R3. 

Tlic series was discovered by Jbrgensen in 1879,^ and in 1881 
Christensen 2 established the constitution of the substances. Tlie salts 
arc prepared by the decomposition of the chloro-])urj)ureo-chromic 
salts. They are orange-yellow in colour and less stable than tlic lutco- 
salts. They form double salts like the luteo-salts, the most character- 
istic of these being the sparingly solulde fcrricyanide and the sulphato- 
chloroplatiiiate. 

Aquo-pentammino-chromic Hydroxide, [Cr(NIl3)5H20 ](01I)3, 
is known only in solution, and is formed when dry chloro-]:)entammino- 
chromic chloride, [Cr(NIl 3 ) 5 Cl]Cl 2 , is rubbed, in absence of light, with 
moist silver oxide and water ; on filtering a deep red solution, which 
is strongly alkaline in reaction, is left, which contains the base, 
Cr[(NH3)5H20](0H)3. The solution is unstable and decomposes on 


^ Jorgensen, J. prald. Ghem,^ 1879, 20 , 105. 
- Christensen, ibid., 1881, 23 , 26. 
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standing, and even more quickly on warming with formation of 
Cr(OH)3 and NH3. If acid be added to the cold, freshly prepared 
solution, aquo-pentammino-chromic salt is produced.^ 

Aquo-pentammino-chromic Sulphate, [Cr(NH 3 ) 5 H 20 ] 2 (S 04 ) 3 . 
SHgO, is produced from a solution of aquo-pentammino-chromic base 
by neutralising it with dilute sulphuric acid, adding half its volume of 
90 per cent, alcohol, and allowing the oil which is precipitated to stand 
until it becomes solid. The salt crystallises in short quadratic prisms 
which are soluble in water and decompose on standing even in the dark. 
On heating to 100*^ C. four molecules of water are removed, and, on 
addition of sodium chloroi^latinate to a dilute solution of the salt, the 
very sparingly soluble sulphate chloroplatinate, [Cr(NH3)5H20]2SO4. 
PtClg.2H20, is precipitated in glistening yellow crystals. . This salt 
and the corresponding bromoplatinate, [Cr(NH3)5H20]2S04.PtBr6, on 
account of their sparing solubility, are precipitated from all the aquo- 
pentammino-chromic salts on addition of soluble chloro- or bromo- 
platinate and magnesium sulphate. 

Aquo-pentammino-chromic Chloride, [Cr(NH3)5tl20]Cl3, is 
formed by filtering an aqueous solution of the corresponding base into 
dilute h^^drochloric acid, or, together with chloro-pentammino-chromic 
chloride, by precipitation of a concentrated aqueous solution of the base 
with concentrated acid. It crystallises as an orange-coloured salt, easily 
dissolves in water, and the neutral solution decomj^oses on heating. 

On heating with hydrochloric acid the salt changes to chloro-pent- 
ammino-chromic chloride, [Cr(NH3)5Cl]Cl2. A concentrated solution 
gives with mercuric chloride a yellowish-red, sparingly soluble double 
salt, [Cr(Ntl3)5H20]Cl3.(PIgCl2)3.H20. 

Aquo-pentammino-chromic Bromide, [Cr(NH3)5l-l20]Br3, is 
prepared from the chloride by treating an aqueous solution of the salt 
with hydrobromic acid. The solution is evaporated to dryness and the 
residue taken up in water, filtered to remove any bromo-pentammino- 
chromic bromide formed, and the filtrate treated with concentrated 
hydrobromic acid to precipitate the aquo-salt, which is then washed 
with alcohol. It forms a yellow crystalline powder, easily soluble in 
water, and much more stable than the corresponding chloride. At 
100° C. it loses water, and is transformed into bromo-pentammino- 
chromic bromide. 

Aquo-pentammino-chromic Iodide, [Cr(NIl3)5H20]l3, is pro- 
duced in the same way as the bromide or the chloride. It is a crystalline 
powder, easily soluble in water, and more stable in acid tlian the bromide, 
and on strongly heating with hydriodic acid it is transformed in the 
same way as the other salts into the iodo-pentammino-iodide. 

Aquo-pentammino-chromic Nitrate, [Cr(NH 3 ) 5 ll 20 ](N 03 ) 3 , 
may be formed by a method similar to that for the l)romidc, or it may 
be produced by treating chloro-2:>entammino-chromic chloride in aqueous 
solution with 1-4 nitric acid and allowing the mixture to stand at 0° C. 
The solution is iiltered and treated with a further joortion of nitric acid 
and allowed to stand at 0° C., when the aquo-salt crystallises out.^ It is 
a yellowish-red crystalline salt, easily soluble in water, and decomposes 
if heated to 100° C. 

An acid nitrate, [Cr(NIT3)5H20](N03)3.HN03, is formed by dis- 

^ Christensen, J. prakt. Chem,, 1881, 23, 27. 

“ Werner and Surber, Amialen, 1914, 405, 212. 
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solving the normal salt in water and adding concentrated nitric acid. 
It is rather more yellow in colour than the normal salt A 

Oxalic acid converts the nitrate into oxalato-tetrammino -chromic 
nitrate, [Cr(NH3)5(C20 J](N03)3.2 

The double compound, [Cr(NIT3)5H20][Cr(CN)6], is precipitated 
from the aquo-pentammino-chloride on addition of potassium chromi- 
eyanide ,* it separates as a sparingly soluble yellow crystalline powder, 
and on heating with concentrated hydrochloric acid decomposes with 
formation of chloro-pentammino-chloride. The ferricyanide, [Gr(NH3)5 
Pl20][Fe(CN)6], is precipitated from a dilute solution of the aquo- 
pentammino-chloride on addition of potassium ferricyanide, and crystal- 
lises in yellowish-brown prisms. The cobalti-cyanide, [Cr(NH3)5H20 ] 
[Co(CN) 6], obtained, by the addition of potassium cobalti-cyanide, in 
yellowish-brown crystals, is isomeric with the chromi-cyanide of aquo- 
pentammino-cobalt, [Co(NH3)5H20][Cr(CN)6]. 

(e) Diaquo-tetrammino -chromic Salts, [Cr(NH3)4(H20)2]R3. 

This series of salts, resembling in their constitution and properties 
the aquo-pentammino-salts, was prepared in 1907.^ The salts may be 
obtained by the action of acid on hydroxo-aquo-tetrammino-chromic 
salts. They are orange to red in colour, easily soluble in water, giving 
an orange-coloured solution, and are acid in reaction. 

Diaquo-tetrammino -chromic Acid Nitrate, [Cr(NH3)4(H20)2] 
(N03)4.H, is formed when hydroxo-aquo-tetrammino-chromic di- 
thionate, [Cr(NIl3)4(IT20)(IT0)]S206, is treated with fuming nitric 
acid. It forms light orange-coloured prismatic needles, which decompose 
in a desiccator over sodium hydroxide, or, on heating, being transformed 
into red nitrato-aquo-tetrammino-chromic nitrate, [Cr(NIi 3)41120 (NO 3)] 

(N03)2.^ 

Diaquo-tetrammino -chromic Chloride,. [Cr(NH3)4(H20)2]Cl3, 
is obtained as a scarlet crystalline powder by decomposing hydroxo- 
tetrammino-cliromic ditliionatc witli hydrochloric acid. It is soluble 
in water, acid in reaction, and yields with potassium cob alti cyanide 
orange-red crystals of | CT(NH3)4(ri20)2]| Co(CN)(j]. If the solution at 
0° C. be treated witli jiyridine in aqueous solution, the hydroxo-compound, 

| Cr(NH3)4H20(IiO)]Cl2, is formed, and on slowly evaporating a solution 
of the salt containing hydroeliloric acid, it is converted into chloro-aquo- 
tetrammino-cliromic chloride, [Cr(NIl3)4l IgO.ClJCl 2- 

The bromide, [Gr(NM3)4(lI 20)2|Br3, obtained by the same method 
as the cliloride, crystallises in orange-red plates, is soluble in water 
with acid reaction, and changes slowly into the reddish-violet bromo- 
aquo-compound. Pyridine changes the aqueous solution into the 
hydroxo-aquo-tetrammino-chromic bromide, | Cr (NH 3 ) 4II 2O (HO )]Br g, 
which crystallises from an aqueous solution in red leaflets. Mineral 
acids dcconijiose the coinpound, forming the diaquo-salt. 

Diaquo-diethylenediamino-chromic Salts, [Cr en 2(1120 )2]R3. — 
This series, corresponding to the diaquo-tctrammino-salts, is interesting, 
as the isomeric cis~ and ^m/i6*-fornis have been isolated. In this parti- 

^ Jui'gonscn, ,7. ‘prakl. Chcni., 1891, 44 , 06. 

“ \V(^nicr and Surber, Annaku, 1914, 405 , 212. 

3 Tfoiffer, JJer., 1907, 40 , 3126. 

^ Pfcili’cr, ibid., 1907, 40 , 3133. 
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cular series, however, the cis- and trans-sslts, with'" one exception, are 
not strictly isomeric, for they differ in water content. In the trans-series 
most of the salts contain two molecules of water in the complex cation, 
whereas in the ci^-series the salts contain four molecules of water in the 
complex, arranged as double water molecules or dimolecular w^ater, 
(H4O2), each occupying one co-ordinate position. That these double 
water molecules occupy one co-ordinate position is proved by the fact 
that, on replacement of water by halogen in the nucleus, one atom of 
halogen eliminates two molecules of water. The salts containing di- 
molecular water are designated the hisaquo-salts^ 

Diaquo-diethylenediamino-chromic Salts are prepared from 
m-bisaquo-bromo-diethylenediamino-chromic bromide. 



and ^ran6'-dibromo-diethylenediamino-chromic bromide, 



by treating these salts with pyridine and then witli mineral acids, wdien 
the hydroxo-salt is first formed, and then the aquo-salt according to the 
scheme : 



J'muA'-diaquo. 


Gis-dibisaquo-diethylenediamino-chromic Bromide, [Cr eiio 
(Il402)2]IIr3J is prepared frombromo-bisaquo-diethylenediamino-chromic 
bromide, [Cr en2Br(H402)]Br2, by treating it, in aqueous solution, with 
pyridine, when ci^-hydroxo-bisaquo-diethylenediamino-chromicbromide, 
[Cr en2(H402)(0H)]Br2, separates in compact crystals. On treating 
these crystals with concentrated hydrobromic acid, the dibisaquo-salt is 
formed in small yellowish-red crystals. The salt crystallises in shining 
orange plates, which are soluble in water, giving an acid solution, from 
which it may be |)recipitated by means of concentrated hydrobromic 
acid. If, however, it is left to stand in contact with the acid the 
colour gradually changes to violet, and violet-red leaflets of bromo- 
bisaquo-salt are deposited. Pyridine also acts upon the compound, 
forming the hydroxo-bisaquo-bromide again. A concentrated aqueous 
solution of the salt yields, with solid potassium oxalate, small, brilliant 
orange leaflets of the oxalate. Heating to 120° C., or evaj)orating with 
hydrobromic acid on the water-bath, causes the salt to lose water, 
dibromo-diethylenediamino-chromic bromide being produced. 

Gis - dibisaquo - diethylenediamino - chromic Chloride, 
1 Pfeiffer, Her., 1907, 40 , 3828. 
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[Cr eii2(H402)2]Cl3, is prejDared by an analogous method to that fo; 
the bromide,! ci^-hydroxo-aquo-diethylenediamino-chromic dithionat( 
being treated with hydrochloric acid, when lustrous orange-red plate: 
separate. This salt and also the bromide are considerably hydrolysec 
in aqueous solution, and react with pyridine to form the basic salts 
[Cr 6112(1-140 2) (HO )]Br 2 and [Cr en2(H402)(H0)]Cl2, from which th< 
dibisaquo-salt is regenerated by mineral acids. The reaction may b( 
represented thus : 

[Cr en2(H402)2]Cl3 [Cr en2(H402)(0H)]Cl2+H20+HCL 

Ch'6'-diaquo salts, namely, those with two simple water molecules in tin 
complex, have not been prepared. 

Trans - diaquo - diethylenediamino - chromic Bromide 
[Cr en2(H20)2]Br3, is obtained in a manner much like that for tin 
6‘i5-salt; the green ^ran^-dibromo-diethylenediamino-chromic bromide 
[Cr eiigBrglBr, is treated in solution with potassium bromide am 
pyridine, when the basic salt, ifmm-hydroxo-aquo-diethylenediamino 
chromic bromide, [Cr en2(H20)(HO)]Br2, is formed, and on acidifying 
it with hydrobromic acid the diaquo-compound is obtained. It crystal 
Uses in brownish-yellow prismatic needles, soluble in water, and behave 
towards heat and acid like the m-compound.! Pyridine gives an almos 
quantitative yield of / 7 ’a/? 6 *-hydroxo-aquo-bromide ; potassium iodid- 
added to a solution of the salt yields flesh-coloured leaflets of hydroxo 
aquo-iodide, [Cr en2H20(H0)]l2. 

Trans - dibisaquo - diethylenediamino - chromic Bromide 
[Cr 6112(1140 2) 2]Br 3, is known, but unlike the m-isomer it loses tw 
molecules of water very easily, being converted into the normal diaque 
bromide, [Cr cn 2(1120) 2]Br 3. It crystallises in brownish-orange needles 
and is the otil}^ representative of the j5mii5-dibisaquo-salts, the tru 
isomers of the civ-dibisaquo-salts. 

The m-dibisaquo-dietliylenediamino-chromic halides on loss c 
water yield violet eis'-diacido-salts ; the im/i6'-salts, on the same treat 
inent, green j^/Y/y/.v-diacido-salts. 

(/) Triaquo-triammino-chromic Salts, [Cr(NH3)3(H20)3]R3. 

Tliesc salts are jiurple in colour, and yield a purple solution whe 
dissolved in water. They may be prepared from hydroxo-diaque 
triannnino-ehromic iodide, [Cr(NIl3)3(Il20)2(H0) JT2.H20,^ or froi 
cliromiuni tctroxo-triamminc, CrO^.BNHg.^ 

Triaqno-triammiiio-chromic Chloride, [Cr(NIl3)3(Il20)3]Cl3, i 
obtained by dissolving chromium tctroxo-triamminc in cold dilut 
liydroehloric acid and ])assing hydrogen chloride through the solutioi 
Arter a time red needle-shaped crystals of the triaquo-salt are formec 
Chire has to be taken not to pass in the gas in excess, otherwise the solutio 
]>eeomes green in colour and crystals of the monacido- or diacido-salt ai 
tbrmed. The salt is recrystallised from water containing a few drops c 
concentrated acid. The same substance may be produced from diehlorc 
aquo-triammino-chromic chloride by treating it in aqueous solutio 
with pyridine to form the hydroxo-compound, which is transformed b 
means of solid potassium iodide into the sparingly soluble hydroxc 

1 ITcifTer, Zeitneh. anorq. Ghem,, 1908, 58, 228. 

2 Werner, Ber., 1910, 43, 2290. 

3 Riescnfeld and Seemann, ibid., 1909, 42, 4222. 
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iodide, [Cr(NH3)3(H20)2(H0)]l2.H20 ; this is rubbed with a small 
quantity of concentrated hydrochloric acid, dissolved in water, and 
saturated with hydrogen chloride at 0° C. The crystalline chloride pre- 
cipitated is then washed with alcohol and dried over phosphorus 
pentoxide.i 

If an aqueous solution of the chloride be treated with concentrated 
nitric acid, deep red crvstals of triaquo-triammino-chromic chloride 
nitrate, [Cr(NH3)3(H20)3]Cl2{N03), are produced.^ 

Triaquo-triammino-chromic Bromide, [Cr(NH3)3(H20)3]Br3, 
is prepared by treating hydroxo-diaquo-triammino-iodide in aqueous 
solution at low temperature with concentrated hydrobromic acid ; after 
a short time a brownish-red crystalline precipitate is formed. The salt 
is very soluble in water, giving a blue-red solution.^ 

The triaquo-salts tend to decompose in solution on standing, with 
precipitation, finally, of chromic h^^droxide.^ 

(g) Tetraquo-diammino-chromic Salts, [Cr(NH3)2(H20) JR3, 

The high water content of these salts make them approach the 
chromic salt hydrates in properties. 

Tetraquo-diammino-chromic Bromide, [Cr(NH3)2(H20) JBrg, 
is produced by rubbing the basic bromide, [Cr(NIT3)2(H2^)2(^H)2]I^^j 
with concentrated hydrobromic acid at low temperature ; the crude 
product obtained is dissolved in the least possible quantity of water, 
and the pure neutral bromide precipitated by hydrobromic acid. It 
forms large bluish-red crystals which are very hygroscopic, soluble in 
water and in dilute alcohol. On keeping it is transformed into green 
dibromo-diaquo salt.^ 

Tetraquo-diammino-chromic Chloride, [Cr(NH 3) 2(1120) JClg, is 
prepared in the same manner as the bromide by decomposing the basic 
salt. It forms light red monoclinic prisms which arc very soluble in 
water, insoluble in alcohol, and on warming the aqueous solution with 
a little acid is transformed into the dichloro-diaquo-salt. 

From the basic bromide by treatment with hydrobromic acid and 
then concentrated sulphuric acid, the sulphate, [Cr(NH3)2(H20 )4] 2(804)3, 
is formed. It crystallises in red leaflets and is hygroscopic. 

A series of tetraquo-derivatives containing two molecules of pyridine 
is also known. These have formula [Cr py 2(1120)41113, and correspond 
in general properties to the diammino series. They are prepared from 
green hydrated chromic chloride, [CrCl2(H20)4lC1.2H20, by treatment 
with pyridine, when it is transformed into the dihydroxo-diaquo-dipyri- 
dino-chloride, [Or py2(n20)2(0H)2]Cl, and this on treatment with 
mineral acid changes into the tctraquo-salt.® 

The salts may also be prepared from tetrathiocyanato-dipyridino- 
chromium compounds, [Cr py2(SCN)4]M, by oxidising with chlorine.^ 
Tetraquo-dipyridino -chromic Chloride, [Cr py2(H20)4]Cl3. 
2II2O,® formed by acting upon dihydroxo-diaquo-dipyridino-chromic 

1 Werner, Ber., 1910, 43 , 2290. 

^ Riesenteld and Seemann, ibid., 1909, 42 , 4222. 

^ Werner, ibid., 1906, 39 , 2667. 

^ F. Frowein, Zeitsch. anorej. Chem., 1920, no, 107. 

^ Werner and Ivlien, Ber., 1902, 35 , 287. 

Pfeiiter, Zeitsch. anorg. Chem., 1902, 31 , 401. 

Pfeiiler and Osann, Bar., 1906, 39 , 2122. 

Pfeiffer, Zeitsch. anorg. Chem., 1902, 31 , 418 ; Ber., 1906, 39 , 1874. 
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chloride, [Cr py 2 (H 20 ) 2 {^H) 2 ]Cl, with concentrated hydrochloric acid, 
crystallises in brownish-red leaflets which are easily soluble in water 
and in alcohol. If the aqueous liquid is left' to stand for some time, 
greyish-green crystals of dihydroxo-diaquo-dipyridino-chromic chloride 
separate, and on heating in a closed tube the dichloro-chloride, 
[Cr py2(H20)2Cl2]Cl, is formed. 

The bromide, [Cr py2(H20)4]Br3.2H20,^ crystallises in red trans- 
parent rhombic prisms, and resembles the chloride in general reactions ; 
the sulphate, [Cr py 2 (Il 20 ) 4 ] 2 (S 04 ) 3 . 3 H 20 , and the nitrate, [Cr pyg 
(H20)4](N03)3,^ are red crystalline solids and are soluble in water. 
The chromi-cya7iide, [Cr py2(H20)4][Cr(CN)6].2H20, cr37'stallises in red 
leaflets and is insoluble in water.^ 


Salts containing one molecule of ammonia, the pentaquo- salts, 
are unknown. 

Of the hexaquo -salts, hexaquo-chromic chloride, [Cr(H20)6]Cl3, 
has been most thoroughly examined ; it is isomeric with chloro- 
pentaquo -chromic chloride, [Cr(H 20 ) 5 Cl]Cl 2 .H 20 , and dichloro-tetraquo- 
chromic chloride, [Cr(H20)4Cl2]C1.2H20. The salts differ in colour and 
in ionisable acidic radicle. 

Compounds where urea takes the place of ammonia are known 
which correspond to the hexaquo-chromic salts ; these contain six 
molecules of urea bound to the central chromium atom through oxygen, 
and are prepared by the action of chromyl chloride on urea. The 

/NHaX “ 

Cr.f 0=:C< ) 1R..4 


formula for the salts is 


Class IL (A) — continued. 

2. Chromd-ammines containing Divalent Cation, [CrA^R']** 

(R' being either acid radicle or hydroxyl). 

(a) Hydroxo-pentammino-chromic Salts, [Gr(NH3)5.0H]R2. 

This series is represented by the dithionate, [Cr(NIT3)5(0H)]S206. 
21120 , which is prc])ared from aquo-pentammino-chromic bromide by 
treating it with dilute aqueous ammonia till the colour changes from 
X^ell ow to deep red ; a concentrated aqueous solution of sodium dithionate 
is then added, the liquid stirred and left to stand, when carmine-red 
crystals sc|)aratc. These are Avashed with dilute alcohol and dried in air. 
Tlic ditliionatc is slightly soluble in water, and is decomposed by dilute 
liydrochloric acid with formation of aquo-pentammino-chromic chloride, 
[Cr(Nll3)5ll20]Cl3. 

(h) Hydroxo-aquo-tetrammino -chromic Salts, 
[Cr(NPl3)4H20.0H]R2. 

Hydroxo-aquo-tetrammino-chromic dithionate, [Cr(NH3)4 
(IlgO^.OIIJSaO^., is produced by the action of pyridine and sodium 

^ Pfeiilei', loc. cit. 

“ PJt'eillV'r aiul Osann, Bar., 1907, 40, 4035. 

^ Pfeifi’er, Zeitsch. anorg. Chem., 1902, 31, 435. 

Werner and Kalkmanii, Annalen, 1902, 322 , 296 ; Pfeiffer, Ber., 1903, 36 , 1926. 
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dithionate on chloro-aquo-tetrammino-chromic chloride, [Cr(NH3)4 
Cl-HgOjCla; it forms compact, deep red crystals which are soluble in 
water with neutral reaction. This salt is the starting-point in the 
preparation of the diaquo-tetrammino-salts ^ (see p. 87 ). 

The hromide, [Cr(NH3)4(H20)(0H)]Br2, crystallises in red glistening 
leaflets and is soluble in water. 

Hydroxo-aquo-diethylenediaminO“ chromic Salts, [Cr en2(H20) 
(0H)]R2. — These salts exist in two isomeric forms, the m-, or 1-, 2-series, 
and the trans-, or 1-, 6-series, thus : 


euv yHaO 


en 


>Cr/ 


(OH)J 




Gis. 


■en 

^en 

Trans. 


R, 


They are produced by the removal of acid from the corresponding 
diaquo-salts, thus : 


"en^ 


\Cr/ 


en^ 






-en (OH) 
>Cr<( 

_en^ ^H 402 _j 


R2+IIR+H2O, 


and may be hydrated again, giving the diaquo-salts by the action of 
mineral acids ^ (see p. 88). 

CV^'-dithionate has the formula [Cr en2(H20)(0H)]S20g, where tlie 
salt contains simiole water molecules ; the ci^-halogen salts, like the 
corresponding diaquo-salts, contain dimolecular water and are therefore 
bisaquo-salts. 

The imn^-salts contain simple water molecules, and on hydration 
yield true diaquo-salts. The behaviour of the two isomeric series 
towards heat is characteristic, for the m-salts lose water and give com- 
pounds containing two chromium atoms in the nucleus, thus : 


2[Cr cn2(H402)(0H)]R2 — 


[Cr2en4(0H)2]R4+4n20, 


wliilst the members of the irau^-series remain unchanged. 


Cis-salts. 

Hydroxo - aquo - diethylenediamino - chromic Dithionate, 

[Cr eji2(H20)(0H)]S20g, is prepared by treating bromo-bisaquo-diethyl- 
enediamino-chromic bromide, [Cr en2(H402)Br]Br2, with an aqueous 
solution of pyridine until the salt is dissolved and the liquid accpurcs 
a red colour. Solid sodium dithionate is then added, and within an hour 
a precipitate of hydroxo -dithionate separates, which is washed free from 
sodium dithionate and dried in air. It may also be prepared from the 
c'i.s'-dichloro-chloride, [Cr en2Cl2]Cl.H20, by warming with water till the 
solution becomes orange-yellow and adding pyridine and excess of 
crystalline sodium dithionate. It forms small deep-red needles, soluble 
in water; on rubbing with mineral acids the colour changes to orange, 
and the c^5-dibisaquo salt, [Cr en2(H402)2]R3, is formed.^ 

Gis -hydroxo -bisaquo-diethylenediamino-chromic Chloride, 
[Cr en2(Il402)(0H)]Cl2, is produced from a concentrated aqueous 

1 Pfeiffer, Ber., 1907, 40 , 3129. 

“ Pfeiffer, Zeitsch. anorg. Chem.y 1908, 58 , 228. 

^ Pfeiffer and Stern, ibid., 1908, 58 , 245. 
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solution of the cis-dibisaquo-chloride, [Cr en 2(1140 2) 2] Cl 3; by treating it 
with excess of pyridine. It separates in small red crystals, soluble in 
water, and decomposes on treatment with mineral acids, giving the 
dibisaquo-salt. The bromide, [Cr en2{H402)(0H)]Br2, and the iodide 
are prepared by the same method as the chloride and have the same 
general properties. Both salts crystallise in glistening, compact red 
crystals. 

Trans-salts, 

Trans -hydroxo-aquo-diethylenediamino -chromic Bromide, 

[Cr en2(H2Cl)(OH)]Br2, is derived from the green ^mn5-dibromo -bromide, 
[Cr eugBrgJBr, by allowing an aqueous solution of the salt to stand for 
some time at ordinary temperature, when the colour changes to brownish 
red. The liquid is then saturated with potassium bromide, an equal 
volume of pyridine added, when a flesh-coloured precipitate forms 
which consists of a mixture of potassium bromide and basic bromide. 
The precipitate is washed with alcohol and water till the potassium 
bromide is removed, and the residue dried in air. It may be obtained 
from ifrati5-diaquo-bromide, [Cr en2(H2C>)2]^^35 adding to a solution 
of the salt excess of pyridine when the hydroxo-aquo-salt separates. 
It crystallises in small, glistening, flesh-coloured leaflets, soluble in 
water, giving a red solution which is neutral in reaction ; it is decom- 
posed by mineral acids with formation of the fran^-diaquo-salt, and if 
rubbed with concentrated hydrobromic acid, solid brownish-orange • 
/ran^-dibisaquo-bromide, [Cr en2(H402)2]Br3, is produced. Contrary to 
the behaviour of the ci^-salt, on heating it remains unaltered.^ 

Trans - hydroxo - aquo - diethylenediamino - chromic Iodide, 
[Cr en2(H2C))(OH)]l2, is formed by the decomposition of the bromide 
with potassium iodide. It crystallises in silky, flesh-coloured leaflets. 

Trans -hydroxo - aquo -diethylenediamino -chromic Dithionate, 
[Cr en2(H20)(0H)]S20Q, is also formed from the bromide by treating 
it in concentrated aqueous solution with sodium dithionate ; it is 
slightly less red in colour than the bromide or iodide, but otherwise 
behaves similarly. 

(c) Hydroxo-diaquo-triammino-chromic Salts, 
[Cr(NH3)3(H20)20H]R2. 

A few of these salts are known. For example, the iodide, 
[Cr(NH3)3(n20)2(0IT)]l2.Fl20, which is prepared from dichloro-aquo- 
triammino-chromic chloride, [Cr(NH3)3(tl20)Cl2]Cl, by treating it with 
pyridine and solid potassium iodide. It crystallises in purple leaflets, 
soluble in water, and is transformed into triaquo-triammino-ehromic 
bromide by hydrobromic acid.^ 

(d) Hydroxo -triaquo-diammino -chromic Salts and Hydroxo - 
triaquo-dipyridino -chromic Salts. 

Salts such as hydroxo - triaquo - diammino - chromic sulphate, 
[Cr(NH3)2(Il20)3.0H]S04.H20, and the corresponding dipyridino-salt, 

I Cr py2(H20)3(0H)]S04, have been prepared, the former from dihydroxo- 
diaquo-diammino-chromic bromide by treatment with sulphuric acid,^ 

^ Pfeiller and Prade, Zeitsch. anorg, Ghem., 1908, 253. 

- Werner, Ber., 190G, 39 , 2666. 

" W'erner and Klien, Ibid., 1902, 35 , 288. 
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and the latter from tetraquo-dipyridino-chromic sulphate by treatment 
with pyridine or by the addition of sulphuric acid to the dihydroxo- 
siilphate, [Cr 20)2(011) 2] 

The hydroxo-triaquo-dipyridino-chromic salts are decomposed by 
mineral acids with formation of tetraquo-dipyridino-salts ; the aqueous 
solution is acid in reaiction and the salts are violet-grey in colour.^ 

(e) Acido-pentammino -chromic Salts, [Cr(NH3)5R]R2. 

Nitro-pentammino-chromic Salts, Xantho -chromic Salts, 

[Cr(NIT3)5(N02)]R2- — These salts were discovered by Christensen in 
1881. It is still doubtful whether the salts are true nitrito -salts with 
the group O— NO in the nucleus, or whether they. are nitro-compounds ; 
they are yellow in colour, which points to the possibility that they are 
nitro-compounds. Only one series is known, whereas in the cobalt- 
ammino-compounds both nitro- and nitrito-salts have been isolated (see 
p. 144). 

Nitro-pentammino-chromic Chloride, [Cr(NH3)5N02]Cl2, is pre- 
pared from chloro-pentammino-chromic chloride by heating it for a short 
time with water acidified with nitric acid, allowing the mixture to cool 
slowly, and filtering off the undissolved chloro-pentammino-salt. The 
filtrate, which contains aquo-pentammino-chromic salt, is decomposed 
with sodium nitrite and a 12 per cent, solution of hydrochloric acid ; 
after a few minutes the precipitate formed is collected, washed with 
water, dissolved in water, and filtered into a strong solution of 
ammonium chloride. The precipitated crystals are collected, washed 
with water and alcohol, and obtained as yellow octahedral prisms. - 
The salt, which is soluble in water, decomposes on heating with hydro- 
chloric acid, giving chloro-pentammino-salt.^ 

The bro 7 nide, [Cr(NH3)5N02]Br2, and the iodide, [Cr(NH3)5N02]l2. 
are prepared by methods analogous to those for the chloride. The 
former crystallises in yellow octahedra, the latter in red octahedra. 

Nitro-pentammino-chromic Nitrate, [Cr(NH3)5N02](N03)2, is 
obtained from the chloride by precipitation of a solution of tlic chloride 
with concentrated aqueous ammonium nitrate, or by decomposing a 
solution of aquo-pentammino-salt with half its volume of dilute nitric 
acid and addition of sodium nitrite. It crystallises in yellow octahedra, 
is less soluble in water than the corresponding chloride, and dceom])oses 
explosively on heating. 

Nitro-pentammino-chromic Sulphate, lCr(NIl3)5N02|S04, is 
formed by rubbing the chloride with water and the calculated quantity 
of silver sulphate, filtering off silver chloride and precipitating the salt 
from the filtrate with alcohol. 

Nitrato-pentammino -chromic Nitrate, [Cr(NIT3)5N03](N03)2, 
is obtained from thiocyanato-pentammino-chromic nitrate, [Cr (Nil 3)5 
(SCN)](N03)2, by treating it with well-cooled fuming nitric acid until 
it has dissolved to a clear brownish-red liquid ; ice is then added slowly 
to the solution until the volume is double, when the nitrato-salt is 
precipitated as a fine, powdery, j)ale pink solid. It is sparingly soluble 
in water, and the solution is very easily decomposed. If warmed with 

^ Pfeiffer, Zeitsch. anorg. Ghem., 1902, 31, 434 ; Ber., 1906, 39, 1874. 

- Pfeiffer and Osann, Ibid., 1907, 40, 4032. 

^ Cliristensen, J. praJet. Ghem., 1881, 24, 75. 
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concentrated liydrocliloric acid it quickly passes into chloro-jHadannnino- 
chromic chlorided 

The nitrato-iocUde, | Cr(Nll3)5N03|r2, is idrnied by treatiiig tlu^ nitnitc' 
with potassium iodide. 

Chloro-pentammino -chromic Salts, Purpureo-chromic Salts, 
[Cr(NH3)5ClJR2. — These salts were tirst prepared by Jdroenscai in 1870 ; - 
they correspond exactly to the chloro-])cntainmin()-col)aIti-salts. 

Chloro-pentammino -chromic Chloride, |Cr(NIl;})50I jOU, th(‘ 
most important member, is the starting-point lor tlu^ pn^paration ol‘ 
the other salts of the scries. It is prepared, ae(u)rdino‘ to J(>ri»(‘ns(‘n ^ 
and Christensen,''^ in the lollovvinif way. Chroinons chlorid(\ obtainc'd 
from chromic chloride reduced with hydrogen, or potassium (liehro!nal(‘ 
and concentrated hydrochloric acid reduced first witli alcohol and tlnm 
with zinc, is dissolved in a.n aqueous solution of anmionium chloride' 
containing ammonia, and the blue solution so obtaiiu'd oxidise'd by 
passing air through it for some time until tlu^ colour ol’ the* solution 
is carmine red. After adding the red solution to eoiu'caitratc'd hydro- 
chloric acid and ])oiling the mixture for a, litth', carmiiK' oeialu'dral 
crystals of the chloride se^parate. They may b(‘ purilic'd by dissoh ing 
in water slightly acidilied with sulphuric ax'id, and rc'pn'C'ipilal ing with 
concentrated hydroc'hloric acid in whh'h tlu' salt is insol iibh'. 'l'h<* 
same salt is produ(*ed wh(*n liquid anunonia a(*ts upon ehromie chloride'.^ 
The salt is soluble in watc'r, nc'utral in ri'aelion, and (i('(‘oinpos(‘s in a 
short time with formation of a.(|uO“p('nta.mnuno-ehromi(* chloride' ; pro- 
longed heating with sodium hydroxide' de‘(*e>mpe)se‘s (he' sail, lorming 
chromic hydroxide. With inercurie' chleiriele' a. e'eilel aejue‘e>us solutieai 
forms the sparingly soluble double salt, IFU.bllgClo. II 

crystallises in ros(‘-ce)lour(‘d n('(‘ell<‘s, is elece)mj>e)se'el sle>wly e)n e'Xjie^sure' 
to light, and sj)lits up inte) its C-ompeine'iils e)n Ire'alnu'ul with elilule' 
hydrochloric a(*id. 

Chloro-pentammino-chromic Bromide, | Fr(N 1 1 . 5 ) ,(1 IBr.j,, has 
similar propc'rtic's, and is pre'pare'd by aeldilion of esuie'eah rale'd hyelro- 
[)romic a,ciel to a. cold ae|ue‘e)us sohil.ion ol* (he* e*hle>ride. 

Chloro-pentammino-chromic Sulphate, | (’r(N I! t I |S( ) ,.21! t ), 
is pr(‘j)a,re‘d by trc'ating tiu^ chloride' wilh sil\('r e*arbe)na( e', re-mo\ing (he* 
prc'cipitatc'el silver chleirieh^ and caiitie>usly aeleling (e> I he' fujuiel elilule' 
sulj)huri(‘. aciel ; a, litth' sil\’er chloride' is (he're'by pre'e'ipilah'd, il is re 
moved by liltration, anel tlu^ sulphate' is pre'e'ijfil ale'el From I he* fill rale' 
by means ol* ale’e)he)l in carmine'-re'el prisms. It is Fairly soluble' in wale'r, 
a,nd loses water il* h'Ft e)\'(‘r sulphuric aciel or ein he'aling le> lOO 'C. 

Chloro-pentammino-chromic Nitrate, | ('r( N 1 1 . 5 );/ i |( is 

])re(*ipi tatc'd by tlu^ a,elelitie)n e)F e'xce'ss eiF nil rie' aciel at i) lo a solul ie)n 
of the chloride. It may be' <*rysta.llise'el From wale'r ae'ielilie'd wilh nilrie* 
acid, and of)tained in reel eicl ahe'dral cryslals whie*h are* more' se>lubl<* 
in wate'r than tlu^ chloriele'. I'he' chleu'o-pe'ulammino-salls i'<'ae*t in 
aejueous solution with chle)re)platinie* ae*ieh wilh p!*('e*ipilal ion ol’ I he' 
vc'i'y sparingly se)luble' e*hlore)j>latinate‘, | ( 'r{ N 1 1 1 1{ Pi ( whie'h 
crystallise's in y('lle)w prisms. The' e>xalate', l(’r(Xli. 5 );,Cl |P;t hj, and I he' 
Ferre)e*ya,niele‘, j C j'(NI I I 2 I Fe‘(('N )<; |.M I ), are' pre'e'ipil .-if eel by I he* 

* W'erner and llalban, />/■/•., llHKi, 39 , 1 . 

“ ./. pmLi. ('/n/n., iSTi), 20, IliO. 

( '}irist(‘iis(>n, ibid., I SSI, 23, 51. 
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addition of ammonium oxalate and potassium ferrocyanide respectively to 
solutions of the chloride ; both salts are sparingly soluble in cold water. 

Bromo-pentammino -chromic Salts, [Cr(NH3)5Br]R2^ — These 
salts resemble in appearance and reactions the chloro-pentammino-salts, 
and the methods of formation are somewhat similar. 

Bromo -pentammino -chromic Bromide, [Cr(NH3)5Br]Br g, is 
prepared by transforming chloro-pentammino-chloride into aquo- 
pentammino-chromic hydroxide, [Cr(NH3)5H20] (011)3, by means of 
silver oxide, treating the mixture with dilute hydrobromic acid, filtering 
off silver bromide formed, and allowing the filtrate to evaporate to small 
bulk. It is then heated with an equal volume of concentrated acid, 
the precipitate formed, collected, washed with dilute acid and alcohol. ^ 
It crystallises in violet-red octahedra, and in solution the salt decomposes 
like the chloro-pentammino-salt ; warming with water and a little 
acid transforms the salt into aquo-pentammino-bromide ; silver oxide 
and water convert it into aquo-pentammino-hydroxide. 

The chloride, [Cr(NIT3)5Br]Cl25 is formed from the bromide, and 
crystallises in violet octahedra, which are more easily soluble in water 
than the bromide, and on treatment with silver nitrate in the cold, sil ver 
chloride only is precipitated. 

The nitrate, [Cr(NH3)5Br](N03)2, crystallises in violet microscopic 
octahedra. A sparingly soluble broinoplatinate, [Cr(NH3)5Br][PtBr3], 
is formed when a freshly prepared solution of the nitrate is mixed with 
excess of sodium chloroplatinate. It separates in dark orange-red 
crystals.^ 

lodo-pentammino-chromic Salts, [Cr(NIT3)5l]R2, resemble the 
chloro- and bromo -pentammino -salts. The iodide, [Cr(NIl3)5lJl2, crys- 
tallises in bluish- violet octahedra, sparingly soluble in water and insolubles 
in alcohol ; the nitrate, [Cr(NH3)5l](N03)2, is a reddish-violet crystalline 
powder ; and the chloride, [Cr(NH3)5l]Cl2, is also a reddish- violet crystal- 
line powder, fairly soluble in cold water, the solution of which is easily 
affected by light. All are prepared from the aquo-pentammino-chromic; 
salts on treatment with hydriodic acid.^ 

Thiocyanate -pentammino -chromic Salts, [Cr(Nir3)5(SCN)|R2, 
arc ])rcpared by replacing chlorine in chloro-pentammino-chloride^ with 
(SON) by treating a concentrated aqueous solution containing acetier 
acid with excess of potassium thiocyanate, warming the solution, and 
thus obtaining the thiocyanate, [Cr(NH3)5(SCN)](SCN)2. From this 
tlie other salts are i^repared by double decomposition. The thiocyanate, 
which has not been obtained pure, is reddish brown in colour and do(‘s 
not crystallise easily ; it is soluble in cold water, and tlic aqueous sotution 
gives with hydrochloric acid, potassium bromide, potassium nitrate, 
potassium iodide, and potassium dichromate, the corresponding salts. 

Tlie chloride, [Cr(NIT3)5(SCN)]Cl2, is very stable towards concentratcul 
hydrochloric acid; the bromide, [Cr(NH3)5(SCN)]Br2, separates in deep 
orange crystals ; and the nitrate, [Cr(NH3)5(SCN) ](N03)2, crystal- 
lises from acetic acid in orange-yellow crystals. The dichrmiuile, 
|Cr(NI]3)5(SCN)]Cr207, crystallises in bronze-coloured needles, which 
are sparingly soluble in water and decomposed by light. 

^ Jorgensen, J. prald. Cham., 1879, 20, 12G. 

“ Jorgensen, ibid,, 1882, 25, 88. 

^ Joi'gensen, ibid., 1882, 25, 91. 

Werner and Halban, Bcr., 1906, 39, 2G()8. 
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(/) Acido-aquo-tetrammino -chromic Salts, Roseo-purpureo- 
salts, [Gr(NH 3 ) 4 H 20 .R]R 2 . 

Ghloro-aquo-tetrammino-chromic Salts, [Cr(NH3)4ll20.Cl]R. 
— The salts of this series are interesting historically, as they were the 
first chromi-ammines prepared. Fremy, in 1858,^ discovered the series ; 
in 1862^ Cleve established their constitution; and Jorgensen, in 1890, 
showed their relationship with the chloro-pentammino-salts.^ 

Ghloro-aquo-tetrammino-chromic Ghloride, [Cr(NH3)4H20.Cl] 
Cl 2, was originally prepared by dissolving chromic hydroxide in an 
ammoniacal solution of ammonium chloride, precipitating the salt with 
alcohol, and recrystallising the crude product from hydrochloric acid. 
It is formed along with the chloro-pentammino-salt by heating 
ammonium dichromate with hydrochloric acid, ammonium chloride, 
and alcohol, evaporating to dryness, dissolving the residue in concen- 
trated aqueous ammonia and precipitating with hydrochloric acid. 
The solid obtained is washed free from ammonium chloride with acid 
and the chloro-aquo-tetrammino-salt separated from chloro-pent- 
ainmino-salt by treatment with water, when the aquo-salt goes into 
solution and is precipitated by the addition of a concentrated solution 
of ammonium sulphate. The sulphate is transformed into the chloride 
by digesting with hydrochloric acid.^ It may also be prepared from 
dihydroxo-diaquo-dipyridino-chromic chloride, [Cr py2(H2^)2(^H)2]Cl,^ 
by heating it to 45° to 48° C. with 25 per cent, aqueous ammonia and 
treating the solution formed with concentrated hydrochloric acid ; on 
standing, deep red crystals separate.® The salt crystallises in dark red 
rliombic prisms which are stable in air but decompose on exposure to 
light ; the solution in water decomposes on heating but is stable in 
presence of acid. 

Ghloro - aquo - tetrammino - chromic Bromide, [Cr(Nn 3)4 
(Il20)Cl]Br2, is precipitated from a solution of the chloride on the 
addition of hydrobromic acid ; it forms violet-red octahedral crystals 
which are soluble in water, giving a red solution. 

Ghloro - aquo - tetrammino - chromic Iodide, [Cr(NH 3)4 
(H20)Cl]l2, is best prepared by decomposition of the sulphate with 
excess of barium iodide; it is easily soluble in water and crystallises 
in red prisms. 

Ghloro-aquo-tetrammino-chromic Nitrate, [Cr(NH3)(H20)Cl] 
(NO 3) 2, is formed when the chloride is mixed with nitric acid, filtered 
and allowed to stand. It separates in purple rhombic crystals. 

Ghloro - aquo - tetrammino - chromic Sulphate, [Cr(NH 3)4 
(Il20)Cl]S04, may be obtained from the chloride by decomposing it 
with concentrated sulphuric acid, or by treating an aqueous solution 
of the chloride with a concentrated aqueous solution of ammonium 
sulphate. The salt is very sparingly soluble in water, and crystallises 
in small rose-red plates. 

1 Eremy, Compt. rend., 1858, 47, 883. 

- Cleve, J. praht. Ghem., 1862, 86, 47. 

2 Jorgensen, ibid., 1890, 42, 206. 

^ Jorgensen, ibid., 1879, 20, 105 ; 1890, 42, 206. 

^ Pfeiffer, Zeitsch. anorg. Chem., 1902, 31, 416 ; Pfeiffer and Osann, Ber., 1907, 40, 
4032. 

® Pfeiffer and Basoi, ibid., 1905, 38, 3594. 
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The oxalate, [Cr(NH3)4H20.Cl]C204, separates in violet-red crystals 
on the addition of potassium oxalate to a solution ol the ehloride. It 
is sparingly soluble in water, and the solution gives a precipitate oi 
calcium oxalate with calcium chloride. A freshly prepared solution of 
the salt in nitric acid gives no precipitate with silver nitrate. The 
chlorine atom in the chloro-aquo-salts is within the complex, and hence 
silver chloride is not at first precipitated by silver nitrate ; on boiling 
with nitric acid and silver nitrate, however, chlorine is precipitated as 
silver chloride. 

Bromo-aquo-tetrammino-chromic Salts, [Cr(NH3)4ll20.Br]R2. 
— These salts are similar in properties to the chloro-aquo-tetrammino- 
salts, and are prepared in the same manner. 

Bromo - aquo - tetrammino - chromic Bromide, (Cr(NIl3)4 
HgO.BrJBrg, is produced by heating dihydroxo-diaquo-dipyridino- 
chromic bromide with a 25 per cent, aqueous solution of ammonia 
and mixing the resulting solution with concentrated liydrobromie acid ; 
it forms glistening violet rhombic prisms which are easily soluble in 
water. From this salt and potassium oxalate is obtained the s])aringly 
soluble oxalate, [Cr(NH3)4H20.Br]C204.i 

Bromo - aquo - tetrammino - chromic Chloride, |Cr(XIl3)4 
HgO.BrJClg, is prepared from the bromide by dropping a solution of 
the salt into fuming hydrochloric acid, when a bright red crystalline 
powder is formed. 

The sulphate, [Cr(NH3)4(H20)Br]S04, is also obtained from the 
bromide by decomposing it, in aqueous solution, with sodium sulphate 
and sulphuric acid. It is a red crystalline powder, easily soluble in 
water, and on heating the solution it decomj^oses into ammonia and 
chromic hydroxide. 

Corresponding to the aquo-tetrammino-derivatives a series of 
compounds are known containing two molecules of ethylcnediamine 
in place of ammonia. 

Bromo - aquo - diethylenediamino - chromic Salts, |( r cn,> 
(H20)Br]R2. — The best known member of this series is tlu^ hromidiC 
which belongs to the “ bisaquo ” series. 

Bromo-bisaquo-diethylenediamino-chromic Bromide, |Cr ( n^ 
(Il402)Br]Br2, is prepared from dihydroxo-diaquo-dipvridino-ehromie 
chloride by evaporating it almost to dryness with a solution of (‘thyl(‘n(‘- 
diamine and then adding concentrated hydrobromie acid ; tlu* niixturi^ 
is allowed to stand for some days at ordinary tenqxu’ature, wlu*!! a 
crystalline precipitate is formed; the product is dissolved in watcu* 
and an equal volume of concentrated hydrobromie acid added. It 
forms beautiful violet-red crystalline leaflets whi(‘h are soluble* in wattu-.*'^ 
The aqueous solution on standing, or if warmed, ehang(*s (‘olour, dm* 
to formation of dibisaquo-diethylenediamino-ehromie ' bromide*,' and 
this may be reconverted into the bromo-bisacpio-salt l)v tin* addition 
of hydrobromie acid. On addition of pyridine to tlu* moist salt r/v- 
hydroxo-bisaquo-bromide, [Cr en2(H402)(0II)lBro, is |)reeipitated, and 
on evaporation with hydrobromie acid violet 6d,9-dibromo-di(*thvl<*n(*- 
diarnmo-chromic bromide is formed. If, however, mercuric* bromide* 
is added to the solution before evaporation with hvdrobromic* acid 
the green tram^dibromo-hromide mercuric bromick* doulile salt, 
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[Cr engBPgJBr.HgBrg, is obtained in sparingly soluble green leaflets ; 
with mercuric iodide and hydriodic acid a similar iJran^-iodide, 
[Cr eUglgjl.Hglg, is formed.^ 

An orange-coloured precipitate of ci^-dithiocyanato-diethylene- 
diamino-chromic thiocyanate, [Cr en2(SCN)2](SCN), is produced on 
warming an aqueous solution of the salt with potassium thiocyanate, and 
a sparingly soluble chromithiocyanate, [Cr en2(H402)Br]3]Cr(SCN)g]. 
2H2O, is precipitated on mixing a freshly prepared aqueous solution of 
the bromide with potassium chromithiocyanate. It crystallises in 
violet-red transparent needles which are almost insoluble in water and 
decompose on exposure to light.^ 

The bromo-aquo -salts belong to the m-series, as on treatment with 
potassium thiocyanate only m-dithiocyanato -chromic thiocyanate is 
obtained and no /mn^-salt.^ 

Class II. (A) — continued. 

Chromi-ammines containing Monovalent Cation, [Cr(NH3)4R2|* 

(R being either (OH) or an acidic group). 

(a) Dihydroxo-diaquo-diammino-chromic Salts, 
[Cr(NH3)2(H20)2(0H)2]R. 

These are derived from tetraquo-diammino-salts by the removal of 
two molecules of acid, and they revert again to the diaquo-salts on 
treatment with mineral acids. 

Dihydroxo-diaquo-diammino-chromic Bromide, [Cr(N.H3)2 
(H20)2(0H)2]Br, is obtained by treating dibromo-diaquo-diammino- 
chromie bromide in water with pyridine ; the colour changes and a light 
violet precipitate of the dihydroxo-salt is produced. It is unstable, 
and loses two molecules of water at 60° C. The salt is insoluble in acetic 
acid but dissolves in water containing acetic acid, giving a red solution. 
From this solution the corresponding salts arc formed by treating it 
witli tlic respective alkali salts of the acids. The presence of hydroxyl 
grou])s may be proved, as it is possible to acctylatc the salts by means 
oi‘ acetic anhydride.*^ 

Dihydroxo-diaquo-diammino-chromic Chloride, [C!r(NIl3)2 
(IIoO)2(OII)2lCl, is formed by the addition of ammonia or pyridine to 
an a(jueous solution of tetraquo-dianimino-chloride,''" or saturating an 
aqueous acetic acid solution witli rubidium cliloride.^* It forms light 
red violet crystals which are insoluble in water. The iodide is obtained 
from the bromide on addition of potassium iodide to a dilute acetic acid 
solution of tlic salt as a light red violet precipitate. The thiocyanate, 
[Cr(Nn3)o(n20)2(01I)2|SCN, is amorphous, and is prepared Ixoin the 
bromide by dissolving in aqueous acetic acid and adding potassinm 
thiocyanate. 

Dihydroxo-diaquo-dipyridino-chromic Salts, [Cr py2(Il20)2 
{0H)2]R. — These salts, like the diammino-salts, are derived from 
tetraquo-dipyridi no-salts by removal of acid, thus : 

^ Ze.itsch. atiorg. Chem., 1907, 56, 281. 

“ I^feiffer and Stem, Ber., 1907, 40, 3828. ^ Pfeiffer, ibid.y 1904, 37, 42(iG. 

^ Werner and Dubsky, ibid., 1907, 40, 4090. ® Werner and Klien, ibid., 1902, 35, 287. 

® Werner and Dubsky, ibid., 1907, 40, 4091. 
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[Cr py2(H,0)4]R3 — > [Cr py2(n,0)3(0H)]R,+HR ; 
[Crpy,(H,0)3(0H)]R2 [Cr py3(n20)2(0H),]R+HR. 

Dihydroxo-diaquo-dipyridino-chromic Chloride, [Cr py 2(1120)2 
(0H)2]C1, is prepared from green chromic chloride hydrate by dissolving 
in pyridine and mixing with water, when the impure dihydroxo-diaquo- 
dipyridino-chromic chloride is precipitated, collected, treated with 
hydrochloric acid to convert to the tetraquo-dipyridino-chloride, and 
re-treated with pyridine to obtain the pure salt.^ It crystallises in small 
greyish-green leaflets which are sparingly soluble in water, and give a 
deep red colour in aqueous acetic acid. On evaporating a solution of 
the salt in 50 per cent, acetic acid the dihydroxo-chloride crystallises 
unchanged, and on addition of sodium chloride, potassium bromide, 
or potassium iodide to the liquid, the corresponding dihydroxo-salt 
crystallises out. Ammonium thiocyanate and ammonium suljduitc give 
the thiocyanate and the sulphate of the monohydroxo-salt. Mineral 
acids cause formation of the tctraquo-salt. 

Dihydroxo - diaquo - dipyridino - chromic Sulphate, [Cr py., 
(H20)2(0H)2]S04.15 or I4H2O, is ol)taincd by carefully treating aii 
aqueous solution of acid tetraquo-dipyridino-sul])hate with arnmotiia; 
the monohydroxo-compoimd is first formed and then the dihydroxo- 
sulphate as a fine, greyish- violet crystalline powder. It is soluble in 
water, giving a greyish-green solution, and mineral acids (*hange tluj 
colour of the solution to red with formation of t(itra(|uo-salt.^ 

All salts of the series are greyish green in (tolour and are easily con- 
verted into tetraquo-salts by mineral acids. The (chloride is the least 
soluble of the series. 


(b) Diacido-tetrammino -chromic Salts, [Cr(NH3)4R2]R. 


This series is represented by the diethylenediamino-salts, [Cr (uioRolH, 
which exist in two isomeric forms, tluj e/,v-seri(‘s and tlKr/;v/;^v-s(‘n<‘s. 
The former are violet in colour, the latter gr<‘en in colour. 

The m-salts arc formed by the action of chlorine on tlu^ r/.y-dithio- 
cyanato-chromic salts, 


en 

en 


\fv/ 


S('N 

SCN 


li; 


the f/Y/a.v-salts in an analogous tnanner from 
chromic salts, 


en . /vSCN 
>Cr/ 

SCN/ \e.i 


H. 


i h(‘ //7///.s’-dithioeyana( o- 


The isomeric dichloro-chlorides on hydration pass into th(‘ diacjuo- 
salts, [Cr cn2{ll20)2]R3, and l)y the removal of wat(*r IVom th(‘s(‘ the 
corresponding diehloro-ehloridcs remain. The* eontiguration is (‘stab- 
lished by the behaviour of the salts towards ])otassium oxalat(‘. Tin* 
c?‘6‘-salts react easily with potassium oxalate?, giving tlu? oxalato-chu’i va- 
tive, [Cr enoCgO^jR, whereas /m?2^*-salts are not acted upon by the? 
oxalate. Further, the oxalato-salt formed gives, on treatimuit with 

^ Pfeiffer and O.sann, Ber,^ 1907, 40 , 4032. 

* Pfeiffer and Tapuach, ibid., 1900, 39 , 1875. 
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hydrochloric acid, only the violet salt. The oxalate on account of 
ring formation must have the formula 


en 

en 




O— CO“ 

O— CO 


R, 


and thus the derivatives from it are the ci^-salts.^ 

The ci^-salts may be made to pass into the -salts. Dichloro- 
salts are most easily transformed, whilst the transformation of the thio- 
cyanato-derivatives can only be accomplished indirectly. Both series of 
salts are remarkably stable, and an aqueous solution may be repeatedly 
evaporated in presence of hydrochloric acid or heated in the dry state 
to 160° C. without change. 

If an aqueous solution of green imn^-dichloro-chloride is left to stand 
for one or two days the colour changes to red, and on evaporation, after 
addition of acetic acid, a residue is obtained from which a considerable 
quantity of isomeric violet cw-dichloro-chloride may be obtained. The 
change from m- into trans-salt is accomplished by evaporating several 
times an aqueous solution of the violet isomer after addition of hydro- 
chloric acid and mercuric chloride. 

On taking up the residue with water a green crystalline jDowder 
remains, which is the double salt of tran^ -dichloro-chloride, and from 
this the simple salt is easily obtained (see p. 105). 

Indirectly the change from trans- into c^'^-salt may be brought about 
by warming ;(r< 2 n 5 -dichloro-diethylenediamino-chromic chloride with 
ethylenediamine ; triethylenediamino-chromic chloride is produced, and 
this on heating to 150° C. loses one molecule of ethylenediamine, giving 
the violet cis-salt, thus : 

en heat 

[Cr engCl^lCl — ^[Cr eiialCla ^>[Cr en^ClaJCl. 

150° 

Trans- (green salt). Luteo-. Gis- (violet salt). 


Cis- and ^ram^-dithiocyaiiato-salts are transformed one into the other 
through the dichloro-salts, according to the following scheme : — 


CI2 

^'ram‘-dithiocyanato-salt >fra'/i 5 -dichloro-salt, 

a 

KSCN ^ ^ I 

m-dithiocyanato-salt < 6*i5-dichloro-salt. 

i8 


C\'6‘-dithiocyanato-salt 

iS 


f/'rt/is-thiocyanato-salt 


CI2 

>cts-dichloro-salt, 

I en 

triethylenediamino-chloride 

I 

i KSCN 
heat i 

triethylenediamiiio-thioeyaiiatc. 


1 Pfeiffer, Ber., 1904, 37 , 4255. 
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The following scheme, given by Pfeiffer, ^ shows the relationship 
between acido-aquo-salts, oxalato-salts, and diacido-salts : — 


u> 



^ Pfeiffer, Ber., 1904, 37 , 4266. 
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Cis-series, or 1-, 2-salts. 

Dichloro-diethylenediamino -chromic Chloride, [Cr eiiaClglCL 
H2O, may be produced from dihydroxo-diaquo-dipyridino-chromic 
chloride (see p. 100) by evaporating it with a 10 per cent, aqueous 
solution of ethylenediamine. In a few days the dichloro-chloride is 
precipitated, mixed with ethylenediamine hydrochloride, which, on 
rubbing the mixture with 50 per cent, methyl alcohol, is dissolved away.^ 
It may be formed by heating m-dibisaquo-chloride to 100° C., or by 
evaporating the solution acidified with hydrochloric acid; or it may 
be prepared from potassium chromioxalate, [Cr(C204)3]K3, by heating 
it with ethylenediamine and decomposing the double salt, [Cr €1120204] 
[Cr en(C204)2], with hydrochloric acid.^ It crystallises in red-violet 
needles which are soluble in water. On allowing the solution to stand, 
or, more quickly, on warming, it is gradually transformed into cis-dibis- 
aquo-chloride, [Cr en2(H402)2]Cl3. It passes into triethylenediamino- 
chromic chloride on heating with ethylenediamine,^ and forms the 
double salt, [Cr en2C204][Cr en(C204)2, with potassium oxalate.^ 

The bromide, [Cr eUgClgJBr.H^O, is obtained from the chloride by 
adding concentrated hydrobromic acid to a concentrated aqueous 
solution of the m-dichloro-chloride. It crystallises in violet needles 
which are less soluble in water than the chloride, and lose water at 100° C. 
without change of colour. 

The iodide, [Cr en2Cl2]I, may be prepared from the chloride or from 
the sulphate by decomposition with potassium iodide.^ It crystallises 
in violet needles and is the least soluble of the halogen salts. 

The nitrate, [Cr en2Cl2]N03, is precipitated from the chloride solution, 
on treatment with concentrated nitric acid, in violet-red needles. 

The sulphate, [Cr en2Cl2]S04H, is obtained by decomposing cis- 
dichloro-diethylenediamino-chromic thiocyanate with sulphuric acid, 
when the acid sulphate crystallises in violet needles. 

The chloroplatinate, [Cr en2Cl2]2PtCl6.12H20, is a violet crystalline 
powder and is almost insoluble in alcohol and water. 

Optical Activity in the Series . — Another type of isomerism is possible 
in the series, for the m-dichloro-salts present a case of molecular 
asymmetry similar to that observed in 1-, 2-dinitro-diethylenediamino- 
cobalt salts. Two configurations are possible, the one being the mirror 
image of the other, thus : 



There should, therefore, exist racemic and optically active d- and 
1-salts. These can be obtained, but the aqueous solutions are somewhat 
unstable, and on that account some difficulty was met with in resolving 
the racemic form. The resolution was successfully accomplished by 
means of the ammonium salt of optically active a-bromo- camphor sul- 

^ Pfeiffer and Lando, Ber., 1904, 37, 4278. 

“ Werner, ibid., 1911, 44» 3135. 

^ Pfeiffer, Zeitsch. anorg. Chem., 1908, 58, 311. 

Pfeiffer and Trieschmann, Ber., 1904, 37, 4288 ; Anualen, 1905, 342, 285. 
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phonic acid, CnjHi40BrS03(NH4)2, in the following manner. A f 
prepared saturated solution of racemic 1-, 2-dichloro-diethylenedia 
chromic chloride is mixed with d-ammonium a-bromo-camphc 
phonate; in a short time the sparingly soluble hdichloro-dieth 
diamino-chromic d-bromo-camphor sulphonate separates in 
crystals. From the mother-liquor any remaining racemate m 
precipitated as the dithionate, and on the addition of potassium c 
platinite the d-isomer separates as the chloroplatinite. The niti 
obtained from this by decomposition with silver nitrate. Similar i 
are obtained with 1-ammonium a-bromo-camphor sulphonate, d-dic 
diethylenediamino-chromic 1- a-bromo-camphor sulphonate sepa 
first. 

The 1-diehloro-d-bromo-camphor sulphonic salts are the least s( 
The colour of these optically active derivatives is the same as t 
the racemic salts. 1-Dichloro-diethylenediamino-chromic d-a-t 
camphor sulphonate, [Cr en2Cl2]S03C4qH4 40Br, forms small, s 
violet crystals, and has specific rotation [a]D — 35°, molecular 
rotation — 193*55°. The corresponding d-l-salt shows specifi( 
rotation of +32°, and a molecular rotation of [M]d + 176-9°. Sol 
of both isomers are rapidly racemised. 

The dichloro-salts are obtained from the camphor sulphonate 1 
action of hydrochloric acid. 

1-Dichloro-diethylenediamino-chromic d-bromo-camphor sulpl 
is treated with concentrated hydrochloric acid, quickly filtercc 
mixed with alcohol. On rubbing the mixture the chloride cryst 
and is quickly separated from the mother-liquor. The crys 
substance is purified by dissolving in a little cold water and add 
the liquid concentrated hydrochloric acid. From this violet nce( 
the 1-salt separate. It is easily soluble in water and has a rotat 
water, [a]D“140°, [M]d--415-1°. 

d-13ichloro-diethylenediamino-chromic chloride has rotatic 
|a]D + 140°, [M]D+4d.5*l°. 

Tiie optically active bromides are obtained from the chloric 
treating in aqueous solution with concentrated hydro bromic 
They crystallise in small reddish-violet needles and arc soluble in 
1-Bromide has rotation [aj — 130°, |M] — 4d.9*9°. d-Bromidc has ro 
| a]i) + 124°, [MJd +400*52°. 

The nitrates are prepared in the same way by treating witli c( 
trated nitric acid. Rotation : d-Nitrate, [a] + 122°, [M] -|-372° ; 1-N 
[a] -120°, [M]-36G°. 

The salts are easily racemised in aqueous solution, raeerni 
being complete at 0° C. in a 0*5 per cent, solution alter three 
In hydrochloric acid the s})ced of racemisation is slower and the ro 
of the chloride is less.^ The colour of the isomers is tlie same 
racemic form, but the solubility of the active chloride in water is g 
than that of tlie racemic form. 

The following tabic shows the rotation of the chromic, salts dcs 
and of the corresponding optically active dichloro-c.ol)alt salts,- sh 
that the optical activity depends on the central atom as well ; 
surroimding groups in the complex.^ 


^ Werno!’, Her., 191 1, 44 , .‘U32. 

* Werner, ibid., 1911, 44 , 3279. 

2 Tlie author docs not state the wave-length of the light employed. 
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Chloride. 

Bromide. 

Nitrate. 

Cr. 

Co. 

Cr. 

Co. 

Cr. 

Co. 

+14,0°/ 

—182° . 
+184° 

—130° 

+124° 

—176° 

+168° 

—120° 

+122° 

-164° 

+164° 

+415-1°/M 

—552-4° 

+558° 

—419-9° 

+400-52° 

—571° 

+554° 

—366° 

+372° 

-511° 

+511° 


Trans-salts . — The trans-solts being symmetrical in configuration can 
exist only in one form. 

Trans -dichloro-diethylenediamino- chromic Chloride, [Cr eiig 
ClgJCl, is prepared by leading chlorine gas into an aqueous suspension 
of /ram-dithiocyanato-chromic thiocyanate, the mixture being kept 
cool. A green crystalline compound separates consisting of the acid 
sulphate and trans-dichloro-cldoYide. This is transformed into the 
chloride by treatment with concentrated hydrochloric acid, an acid 
chloride being first formed. 

Three chlorides have been isolated : an anhydrous form, [Cr eUgCl gJCl ; 
a monohydrate, [Cr eiigClgJCl.HgO ; and an acid chloride, [Cr eiigClgjCl. 
I-ICI. 2 H 2 O. All are green in colour.^ 

The 7iitrate, [Cr engClgJNOg, is precipitated from a concentrated 
solution of ifmn^-dichloro-chloride with concentrated nitric acid. It 
crystallises in greyish-green needles and is less soluble in water than 
the chloride.^ 

The bromide and the iodide are prepared from the chloride ; the 
former crystallises in small green rhombic plates, the latter In greyish- 
green needles. 

Dibromo-diethylenediamino-chromic Salts, [Cr engBrg’JR. — 
These, like the dichloro-salts, exist in isomeric forms, namely, violet 
c/^-salts and green /raw5-salts. There should also exist, reasoning from 
analogy with dichloro-diethylenediamino-chromic salts, two optically 
active modifications corresponding to the d- and 1-dichloro-eompounds 
of the 6'W*-series, but so far they have not been prepared. 

Cis-salts. 

Gis -dibromo -diethylenediamino -chromic Bromide , [Cr en 2 ^ 12 ] 
Br.lUO, is obtained by evaporating a solution of bromo-bisaquo- 
bromide with a little hydrobromie acid on a water-bath and treating 
the residue, which is mainly water-free dibromide, with a small quantity 
of water, w^hen it yields a finely crystalline violet powder. The anhydrous 
dibromide is formed as a violet powder by heating bromo-bisaquo- 
chromic bromide and cw-dibisaquo-chromic bromide to 100° to 120° C. 

TJic substance crystallises as a fine violet powder and contains one 
molecule of water ; it is soluble in water, forming a violet liquid, and on 
heating, or on allowing it to stand for some time, the solution change 

1 Pfeiffer, Bar., 1904, 37, 4283 ; Zeitsch. anorg. Ghem., 1907, 56, 293. 

2 Pfeiffer, Ber., 1904, 37, 4255. . 
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to orange-yellow with formation of m-dibisaquo-bromide, [Cr eng 

(H402)2]Br3. 

The iodide is produced by treating an aqueous solution of the bromide 
with potassium iodide. It crystallises in shining violet leaflets. 

The dithionate, [Cr en 2 Br 2 ] 2 S 206 , crystallises in bluish-violet needles 
on the addition of sodium dithionate to an aqueous solution of the 


bromide. 

The nitrate is obtained by treating the bromide with concentrated 
nitric acid.^ 


Trans-series, 


Trans-dibromo-diethylenediamino-chromic Bromide, [Creng 
BrgJBr.HgO, crystallises in microscopic green plates, and is prepared 
by evaporating an aqueous solution of the dibisaquo-salt, [Creug 
(H402)2Br]Br2, with hydrobromic acid in presence of mercuric bromide. 
A double salt, [Cr en2Br2]HgBr3, separates as a green lustrous powder 
which is practically insoluble in water, and on removal of mercury by 
means of hydrogen sulphide a green solution of the ^ran^-salt remains. 
On treating this with potassium bromide the simple salt is obtained. ^ 
With concentrated hydrobromic acid the bromide forms an acid salt, 
[Cr en2Br2]Br.HBr.2H205 which crystallises in transparent plates and 
is unstable, easily losing hydrobromic acid. 

Trans-dithionate, [Cr en 2 Br 2 ] 2 S 20 g, crystallises in lustrous, flat 
green needles. 

The ^r^n^-series are green crystalline substances which are soluble 
in water, the iodide and the dithionate being the least soluble. 

Di-iodo-diethylenediamino-chromic Salts are derived from di- 
iodo-diethylenediamino-chromic iodide mercuric iodide, [Cr en2l2]I-B[gl2» 
which is prepared by decomposing bromo-bisaquo -salts with hydriodic 
acid and mercuric iodide. It crystallises in very green leaflets, and is 
almost insoluble in water. The double salt is decomposed by hydrogen 
sulphide. *The iodide is unstable, and in solution very readily de- 
composes.^ 

Dithiocyanato-tetrammino -chromic Salts, [Cr(NIl3)4(SCN)2]R. 
— This series is the only representative of the true diacido-tetrammino- 
salts. Attempts to prepare compounds containing chlorine or bromine 
instead of thiocyanate in the nucleus have been unsuccessful. 

Dithiocyanato-tetrammino -chromic Thiocyanate, [Cr(NH3)4 
(SCN)2]SCN, is prepared by warming an aqueous solution of chloro- 
aquo-tetrammino chromic chloride, [Cr(NH3)4l-l20.Cl]Cl2, with excess of 
potassium thiocyanate, when dark orange-red crystals separate. The 
crystals are soluble in water, and by the addition of concentrated hydro- 
chloric or hydrobromic acid the corresponding chloride or bromide is 
produced. These also are orange-red in colour. The nitrate is formed 
from the chloride by precipitation with nitric acid, and the sulphate by 
rubbing the chloride with sulphuric acid.^ 

Dithiocyanato-diethylenediamino-chromic Salts. — These com- 
pounds occur in two stereo-isomeric forms, namely, the cis- and the 
/mn 5 -salts. The c^>-series, corresponding to the violet dichloro-salts, 

^ Pfeiffer, Ber., 1907, 40 , 3837. 

- Pfeiffer, Zeitsch. anorg. Ghem., 1907, 56 , 285. 

^ Pfeiffer and Lando, ibid., 1907, 56 , 292. 

^ ^Verner and Halban, Ber., 1906, 39 , 2668 ; Pfeiffer and Tilgner, Zeitsch. anorg. Chem., 
1907, 56 , 367. 
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is reddish orange in colour and the trans-series yellowish orange. 
Their constitution is established by the behaviour of the compounds 
with chlorine. Trams-dithiocyanato-salts give green trans-dichloro- 
salts, and cis-dithiocyanato-salts, violet cw-dichloro-derivatives. The 
solubility of the series differs, the m-salts being less soluble than the 
transrsalts. The configuration of the two series may be represented 
by the formula; 


'en, ,SCN‘ 

^Cr/ 

_en/ \SCN 

1, 2 -CIS. 


R 


and 


‘ en. ^ SCN' 

_SCN'^^^'^en 

1, Q-trans. 


R. 


Cis-salts. 

Dithiocyanato - diethylenediamino - chromic Thiocyanate, 

[Cr eii2{SCN)2]SCN, is formed by dissolving bromo-bisaquo-diethylene- 
diamiuo-chromic bromide in warm water and adding to the solution 
potassium thiocyanate. The mixture is filtered, and from the filtrate, 
on standing for some time, small brick-red crystals separate. These 
arc ])urified by reerystallisation from warm water. 

Dithiocyanato -diethylenediamino -chromic Chloride, [Cr eiig 
(SCN)2]CI.HC1, is prepared from the thiocyanate on treatment with 
concentrated hydrochloric acid, filtering off undissolved substance, and 
cooling the filtrate, when a crystalline powder separates. This is re- 
crystallised from water and obtained in ruby-red glistening needles. 
From a solution of this salt may be precipitated the nitrate, sulphate, 
bromide, or dichromate by means of the corresponding acid or potassium 
dichromate. 

The bromide separates in prismatic needles which are reddish in 
colour and less soluble than the chloride. The mercury double salt 
witli mercuric iodide is produced by mixing the chloride with mercuric 
iodide and hydriodic acid. Tlic salt is very sparingly soluble in water 
and se])arates as an orange-coloured powder.^ 


Trans-mlts. 

Dithiocyanato - diethylenediamino - chromic Thiocyanate, 

|Fr en2(SC-N)2|SCN..Tll20, is ])roduccd from triethylenediamino-chromie 
thiocyanate, jCr cn.j](SCN)3.Il20, on lieating it to 130° C., when it 
loses a molecule of ethylenediamine and a molecule of water. The 
mass is extracted witli water and allowed to crystallise. It crystal- 
lises in orange-yellow prisms which arc soluble in alcohol, pyridine, 
and water, but a solution in the latter decomposes on heating. Chlorine 
transforms it into green /mn.9-dichloro-salt.^’ ^ 

The chloride, [Cr cn2(SCN)2]Cl.H20, is formed by gently warming 
the thiocyanate with concentrated hydroehloric acid, filtering, and 
allowing the acid chloride to crystallise from the filtrate. The sub- 
stance is transformed into tlie neutral chloride by washing repeatedly 
with alcohol, recrystallising from warm water, when it separates in 
compact orange-yellow needles. 

The sulphate, [Cr en2(SCN)2](S04lI).ip-l20, is formed by rubbing 

> nfc,iir(‘,r aiHl Koc.h, Her., 1004, 37, 4274. 

“ l^feifEor, Zcitfsch. tmorq, C/ipm., 1001, 29, 107. 

^ I'feiftcr and Koch, Bcr., 1904, 37, 4282. 



108 


THE METAL-AMMINES. 


the thiocyanate with sulphuric acid. It crystallises in prisms which 
are soluble in water with acid reaction. The nitrate, [Cr en2(SCN)2] 
NOg.HgO, and the bromide, [Cr en2(SCN)2]Br.iH20, are prepared in 
the same manner by treating the thiocyanate with the corresponding 
acid. All are soluble in water, giving an orange-coloured solution. 
The trans-ssilts generally are more soluble in water than the cis-saits, 
and the change from cis- into trans-salt is brought about by forming 
triethylenediamino-chromic thiocyanate, which on heating gives the 
trans -salt. ^ 

Oxalato-tetrammino -chromic Salts, [Cr(NH3)4(C204)]R. — In 
the oxalato-salts the oxalate radicle occupies two co-ordinate positions in 

. 0 ~C 0 

the complex, so that the substances have formula (NH3)4Ci/ | , 

^0~C0 

the oxalate group forming a ring. The compounds are derived from 
chloro -aquo-tetrammino -chromic chloride . 

Oxalato-tetrammino -chromic Nitrate, [Cr(NH 3 ) 4 (C 204 )](N 03 ). 
II2O, is prepared by dissolving chloro-aquo-tetramniino-chromic chloride 
in water and adding to the solution ammonium oxalate. The mixture 
is then heated till an orange-red liquid is obtained ; it is thereafter cooled 
and solid potassium nitrate is added. The precipitated oxalato-nitrate 
is dissolved in water and reprecipitated with concentrated nitric acid. 
The substance forms glistening, orange-red, needle-shaped crystals which 
are soluble in water, and on warming with concentrated hydrochloric 
or hydrobromic acid yield chloro-aquo- or bromo-aquo-tetrjinimi no- 
salts. 

The bromide, [Cr(NH3)4(C204)]Br.pi20, and the chloride, [Cr{Nll3)4 
(C204)]C1, are obtained from the nitrate by treating with eoneentrated 
hydrobromic and hydrochloric acid respectively. Tluiy crystallise in 
orange-coloured leaflets. If chloro-aquo-tctramrnino-chromict chloride 
be treated with ammonium oxalate and hydrobromic acid siic.cessivc^ly, 
Clove’s triamniino-chromium oxalate is fornied and not oxalaio-ielraiu- 
mino-salt.^ 

The iodide, [Cr(Nll3)4(C204)JI.Il20, is obtained by the successive 
action of animoniurn oxalate and potassium iodide on (‘hloro-a(|uo- 
tctrammino-chromic chloride. It crystallises in short orangc^-rtid prisms, 
loses water over phosphorus pentoxide, and gradually (Icc^oi eposes at 
1()()° C.2 

The corresponding diethylenediamino -series, [Cr en2(C'2fb])|N, 
are of interest, as through these the civ- and /ra/i-s'-diaeido-diethyleiut- 
di amino-chromic salts are distinguished. PreilTcr showed that only 
those salts with acidic groups in the civ-position were likedy to Ibrni 
ring compounds when replaced by one oxalato-radicle ; hence the diacido- 
salts formed from the oxalato-salts by treatment with halogcm acids are 
c/6’ -salts. 

The series is prepared by treating blue |)otassium eliromi-oxalatc, 
[Cr(C204)3]K3, with aqueous 10 2:)er cent, ethylencdiamine until a red 
salt l)egins to separate from the dark violet solution. On cooling the 
mixture the double salt, oxalato-diethylenediamino-ehromium dioxalato- 
etliylenediamino-chromate, [Cr 0113020 4][Cr 011(0204)2], is obtained in 

^ Pfeiffer and Koch, Ber., 1904, 37, 4282. 

2 Pfeiffer and Basci, ibid., 1905, 38, 3598. 
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dark red crystals. The double compound, on treatment with concen- 
trated hydrochloric acid, is transformed into oxalato-diethvlene diamino - 
chromic chloride, [Cr en2(C204)]CLH20, which is a yellowish-red 
crystalline body. If treated with concentrated hydrochloric acid and 
solid potassium iodide the iodide separates in yellowish-red needles. 
The bromide crystallises with one molecule of water in glistening 
yellowish-red leaflets. The salts are sparingly soluble in cold water, 
and all on warming with halogen acids yield violet m-dihalogeno- 
salts.^ In this respect chromium compounds are not so stable as the 
corresponding cobalt compounds. 


(c) Diacido-aquo-triammino-chromic Salts, [Gr(NH 3 ) 3 .H 20 R 2 lR. 

These salts are represented by the following derivatives : — 

Dichloro - aquo - triammino - chromic Chloride, [Cr(NIT3)3 
H20.Cl2]Cl, forms the starting-point for the preparation of the other salts 
of the series. It is formed by dissolving triammino-chromium tetroxide 
at 0 ° C. in dilute hydrochloric acid, and from the red solution obtained 
addition of concentrated hydrochloric acid produces, on standing, 
reddish-violet crystals. These are soluble in water, yielding a blue 
solution, and are recrystallised from a concentrated aqueous solution, 
containing acid, by addition of alcohol and ether. The salt is stated 
by Riesenfeld and Seemann ^ to exist in different modifications, for if 
concentrated hydrochloric acid is used instead of dilute, a light green 
liquid is obtained from which grey needle-shaped crystals separate. 
This salt is scarcely soluble in cold water, but dissolves in hot water, 
giving a red solution. A third modification is produced by heating 
an acid solution of the first chloride to 60 ° C. The solution gradually 
becomes green in colour, and on evaporation in a desiccator dark green 
crystals separate which are soluble in water, yielding a green solution. 
None of the three salts lose water readily, so that it is probably in the 
complex. The investigators suggest that the salts are most likely stereo- 
isomerides, for which they give the following configurations : — 





If has not been possible, however, to decide which of these formula; 
represents each modification. 

Frowein ^ shows by conductivity measurements and by change of 
colour of the first isomer that the monaquo-salt gradually passes over 
into the diaquo-salt, and this in turn into the triaquo-salt. The colour 
of the solution changes from blue to reddish violet and then to red. 
In all three cases the change is accompanied by increase in conductivity, 
and the conclusion is that the compounds contain no water outside the 
jnner sphere — that is, they are purely co-ordinated compounds. 

1 Werner, Annalen, 1914, 405, 212 ; Bar., 1911, 44, 3132 ; Pfeiffer and Stern, ZeMsch. 
anorg. Chem,, 1907, 56, 284 ; 1908, 58, 244. 

^ Riesenfeld and Seemann, Bar., 1909, 42, 4229. 

^ Frowein, Zeilsch, anorg. Ohem., 1920, no, 107. 
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The nitrate, [Cr(NH 3)31120.012] (NO 3), the sulphate, [Cr(NH3)3 
HgO-ClglaSO^, and the iodide, [Cr(NH3)3H20.Cl2]I, are prepared from 
the chloride by treating it with concentrated nitric acid, concentrated 
sulphuric acid, or potassium iodide respectively. They are bluish-grey 
crystalline compounds which are soluble in water. ^ 

Dibromo-aquo-triammino-chromic Salts, [Cr(NH3)3H20Br2]R, 
are crystalline, intensely green substances which are somewhat soluble 
in water, giving a green liquid which soon changes to bluish red. They 
are assumed to belong to the trans -series, because they correspond 
completely in colour with the ^ran^-dichloro- and jfran^-dibromo- 
diethylenediamino-chromic salts. ^ 

(d) Diacido-diaquo-diammino-chromic Salts, 

[Cr(NH3)2(H20)2R2]R. 

Dichloro - diaquo - diammino - chromic Chloride, [Cr(NH3)2 
(H20)2Cl2]Cl, is produced by passing chlorine into a 25 per cent, aqueous 
solution of potassium tetrathiocyanato-diammino-chromium, Reinecke’s 
salt, [Cr(NH3)2(SCN)4]K, and precipitating the salt with hydrochloric 
acid. It crystallises in light green leaflets which are soluble in water, 
and on treatment with silver nitrate give a deposit of silver chloride 
corresponding to one atom of chlorine in the molecule.^ 

The bromide, [Cr(NTl3)2(H20)2R^^2]I^^j obtained as an intensely 
green crystalline powder from Reinecke’s salt by oxidation with bromine ; 
from trithiocyanato-diammino-aquo-chromium, [Cr(NH3)2H2C)(SCN)3] ; 
or from diammino-tetraquo-chromic bromide.'^ It resembles the 
dichloro-derivative in reactions. 

The corresponding dipyridino-salts, [Cr py 2 (IT 20 ) 2 R 2 ]I^> P^^“ 

pared from hydroxo-diacido-aquo-dipyridino-chromium, [Cr py 2 n 20 
( 0 H)R 2 ], by treatment with acids. They are green in colour, and 
crystallise in green needles or leaflets.^ 

The dibromo-hromide, [Cr py2(H20)2Br2]Br.4H20, crystallises in 
green plates ; the iodide, [Cr py2(H20)2Br2]I, in dark green short needles ; 
and the nitrate, [Cr py2(H20)2Br2]N03.lH20, in green needles. 

{e) Diacido-tetraquo-chromic Salts, [CrR2(H20) JR. 

These are not ammino -derivatives, but have a complex radicle com- 
parable with the radicle in the chromi-ammines, and arc merely men- 
tioned here to complete the scheme.^' 


Class II. (A) — continued, 

4 . Compounds with N o 7 i-dissociable Complex Ion, [Cr(NIl3)3R3]. 

These derivatives contain in the complex three molecules of ammonia 
or some equivalent base, along with three monovalent acidic groups 
or three hydroxyl groups. 

T richlor o - triammino - chromium , [Cr (NH 3 ) 3CI 3], is prepared 

^ Werner, Ber., 1906, 39 , 2665. 2 Werner, ibid., 1910, 43 , 2286. 

^ Werner and Klien, ibid., 1902, 35 , 289. 

^ Werner and Klien, ibid., 1902, 35 , 283 ; Werner and Dubsky, ibid., 1907, 40 , 4089. 

^ Pfeiffer and Tapuach, ibid., 1906, 39 , 1895. 

« See this series, Vol. VII, Part III. 
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from triammino-chromium tetroxide, Cr04.3NH3, by dissolving in 
well-cooled concentrated hydrochloric acid, filtering off the greyish- 
green precipitate of impure trichloro-triammino-chromium and cUchloro- 
aquo-triammino-chloride, leaving the filtrate to stand for one to two 
days, when an intensely blue crystalline powder separates. It is 
insoluble in water A 

The corresponding tripyridino- compound, [Cr pygC^], has also been 
prepared.^ 

Trithiocyanato-triammino-chromium, [Cr(NH3)3(SCN)3], is 
formed by heating thiocyanato-pentammino-chromic thiocyanate, 
[Cr(NH3)5SCN](SCN)2, at 130° to 140° C. till the odour of ammonia 
disappears. The residue is rubbed with water, any unchanged pent- 
ammino-salt dissolves, and treatment is continued until the filtrate 
is only very feebly coloured; trithiocyanato-triammino-chromium is 
thereby left as a light red powder. It is almost insoluble in cold water, 
sparingly soluble in hot water, and soluble in pyridine.^ 

Trihydroxo-aquo-diammino-chromium, [Cr(NIT3)2lT20(0H)3], 
is formed from tetraquo-diammino-chromic sulphate, [Cr(NH3)2(H20)4]2 
(S04)3, by decomposing it in aqueous solution with excess of ammonia 
or pyridine. It crystallises as a violet-coloured powder, insoluble in 
water but easily soluble in mineral acids.^ 

The corresponding pyridino-compound, [Cr py2(H20)(OH)3], is 
obtained by suspending dihydroxo-aquo-dipyridino-chromic sulphate, 
[Cr py2(0IT)2(H20)2]2S04*^2iT20, in water and adding concentrated 
aqueous ammonia. The whole goes into solution, and then crystallises 
in pale violet leaflets which are insoluble in water and decompose on 
treatment with mineral acids. ^ 

Glass II. (A) — continued. 

5. Chromi-ammincs containing Monovalent Anion^ [Cr(NH3)2ll4]M. 

The best known of the scries are the thiocyanato-compounds repre- 
sented by the formula [Cr(NH3)2(SCN)4]M, where M represents mono- 
valent metal. 

In 1861 Morland, in examining the action of ammonium thiocyanate 
on ammonium di chromate, obtained a thiocyanate containing ammonia, 
and from this llcineeke isolated the salt, [Cr(NIT3)o(SCN)4]NIT4, to which 
the name Reinecke salt was given. Tlic free acid corresponding to 
this salt, [C-r(NIl3)2(SCN)4]II.ri20, may be obtained in solution on 
dccompositig the mercury salt, | Cr(NIl3)2(SCN)4]Hg, with hydrogen 
sul})hide. The filtrate from the sulphide precipitate is red in colour 
and strongly acid, and on evaporation of the cold solution the acid is 
precipitated. Tlie crude ])roduct is recrystallised from water, when it 
forms red glistening leaflets which decompose on heating to 80° C. It 
gives the jiotassium salt of the series on treatment with potassium 
hydroxide.^ 

The ammonium mlt, [Cr(NH3)2(SCN)4]NIl4.H20, is the oldest of 
1 Werner, Bcr., 1910, 43, 2290. 

- Pfeiffer, ZeiUch. anor(j. Ghem.^ 1900, 24, 278 ; 1907, 55, 97, 

^ Werner and Halban, Bar,, 1906, 39, 2672. 

^ Werner and Klien, ibid., 1902, 35, 289. 

" Pfeiffer, ibid., 1906, 39, 1864. 

® Nordenskjold, Zeitsch. anorg, Chem., 1892, i, 136. 
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the salts of the series. It may be formed by the method described, or 
by fusing chromic thiocyanate and ammonium thiocyanate and decom- 
posing the mass with 25 per cent, aqueous ammonia. The salt crystal- 
lises from water in red, glistening, rectangular plates which are soluble 
in alcohol and in water and stable towards mineral acids. Prolonged 
treatment with water transforms it into aquo-diammino-trithiocyanato- 
chromium, [Cr(NH3)2(H20)(SCN)3]H20,^ and with bromine it yields 
diaquo-diammino-dibromo-chromic bromide, [Cr(NH3) 2(H20 ) gBr 2]^^. ^ 
The salts of the heavy metals are red or yellowish red in colour, and many 
are sparingly soluble in water, notably those which form insoluble 
sulphides in acid solution. They are either^ crystalline or amorphous, 
and are prepared by the addition of the calculated quantity of a soluble 
salt of the metal to a solution of the ammonium salt. Salts of organic 
bases such as quinoline, ethylamine, and the alkaloids are also known. 
These are red crystalline bodies which are sparingly soluble in water.^ 

No aquo-salts of this series are known, and only the ammino- and 
pyridino-derivatives have been prepared. 

The potassium salt, [Cr(NH3)o(SCN)4]K, crystallises in red cubes 
which are easily soluble in water, and if treated with iodine in potassium 
iodide it forms the addition derivative, [Cr(NIT3)2(SCN)4]K.I.^ 

The cuprous salt, [Cr(NH3)2(SCN)4]Cu, is precipitated from the 
ammonium salt by the addition of cupric sulphate and sulphur dioxide 
as a yellow powder. 

The cadmium salt, [Cr(NH 3 ) 2 (SCN) 4 ] 2 Cd.H 20 , is a red, sparingly 
soluble, crystalline powder, and the ferric salt crystallises in golden- 
yellow leaflets. Double salts may also be formed; for example, the 
hexammino-cohaltic salt, [Cr(NH3)2(SCN)4]3[Co(NH3)(3], on addition of 
hexammino-cobaltic chloride to ammonium tetrathiocyanato-diammino- 
chromium, crystallises in very sparingly soluble plates. Other salts of 
this type have been prepared.^ 

Tetrathiocyanato-dipyridino-chromiumSalts,[Crpy2(SCN)4]M, 
are obtained by heating a mixture of potassium chromithiocyanate, 
[Cr(SCN)g]K3, with pyridine for some time.^ 

Potassium Tetrathiocyanato-dipyridino- chromium, [Cr pyg 
(SCN)4]K.2H20, is prepared by heating potassium chromithiocyanate 
with anhydrous pyridine. The melt is recrystallised from a little water, 
and on cooling a stable red powder separates. The thiocyanato-groups 
are all within the complex, and the salt in solution therefore gives no 
coloration with ferric chloride. It is decomposed by chlorine in presence 
of cold water with formation of tetraquo-dipyridino-chromic chloride. 
If crystallised in the dry state from pyridine it forms transparent red 
crystals of the addition compound, [Cr py2(SCN)4]K.4py, which quickly 
effloresce in air. 

Sodium chromithiocyanate treated in the same way yields the 
sodium salt, [Cr py 2 (SCN) 4 ]Na. 3 H 20 , and this also if crystallised from 
pyridine gives an addition compound, [Cr py2(SCN)4|Na.4py. The 
pyridine outside the bracket is assumed to be in combination with the 
alkali metal. 

^ Werner and Klien, Ber., 1902, 35 , 283. 

^ Christensen, J. praht. Chem., 1892, 45 , 365. 

3 Nordenskjold, Zeitsch. anorg, Chem., 1892, i, 126 ; Pfeiffer, ihid„ 1908, 58 , 439 . 

^ Christensen, J. praht. Chem., 1892, 45 , 213, 356. 

^ Pfeiffer and Osann, Ber., 1906, 39 , 2122. 
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Dioxaiato-diammino -chromium Salts, [Cr(NIl3)2(C204)2]M.— 
In the investigation of dioxalato-compounds Werner ^ described two 
series of compounds. In the first type one oxalato-group occupies two 
co-ordination positions, the other one co-ordinate position, giving rise 
to salts of the type [Cr(NH3)3(C204)2]M. In the second series each 
oxalato-group occupies two co-ordinate positions, yielding therefore 
salts which correspond to the tetrathiocyanato -salts just described. 

Ammonium Dioxalato - diammino - chromium, [Cr(NH3)2 
(C204)2]NH4.2H20, is obtained in red needles by acting upon dibromo- 
diaquo-diammino-chromic bromide with aqueous oxalic acid at a 
temperature of 60° C. The colour changes in solution to dark red and 
the salt separates. From the ammonium salt other salts may be pre- 
pared by treating an aqueous solution with metallic halide. The 
potassium salt crystallises in red needles containing two molecules of 
water ; the sodium salt crystallises in dark red prisms ; the lithium 
salt in red needles or leaflets and the caesium salt in dark red needles. 
These salts are very stable and may be recrystallised from water. 

Dioxalato-ethylenediamino-chromium Salts, [Cr en (C204)2|M. 
— This series was examined by Pfeiffer,^ who prepared salts of this type in 
his examination of the properties of cis- and /'mn,9-dichloro-dicthylencdi- 
amino-chromic salts, for, on heating cis- and ^mn^-dichloro-dietliyleiic- 
diamino -chromic chlorides with potassium oxalate, the c/.y-salt yields 
red crystals of the double oxalate, [Cr en2C204][Cr en(C204)2|, whilst 
the trans-ssiit gives a violet double oxalate, [Cr eugClgy'Cr en(('20^)‘>|- 
On treating the former compound with ])otassium iodide) insoluble 
oxalato-diethylenediamino-chromic iodide, [Cr er^CkO^]!, separates, and 
the soluble potassium dioxalato-ethylenediamino-chronuuin goes into 
solution and is precipitated as the double salt, [Cr en(C204)2|Iv.KI.2ll2(). 
The same double salt may be prepared by heating a mixture ol‘ red or 
blue potassium chromium oxalate and 10 per cent, cthylenediainine l.o 
boiling-point, removing the precipitated by-product, and saturating tlie 
filtrate with solid potassium iodide. 

By treating the product with aqueous silver nitrate at ai)out 70 
the potassium salt, [Cr en(C204)2]K.ll20, is obtained in dark rod prisms. 
A series of salts liave been j^repared Irom tlic potassium salt. Tlu^y 
are red crystallitie substances, which on treatment wdth, liydrobromie 
acid are converted into monoxalato-compotmds, [Cr cnCo04(l r20)i>ilh‘* ‘ 

Several double salts of this type exist. For example, ^m/w-cliehloro- 
diethylenediamino-chromic salt, [Cr cn(C204)2][Cr cnoCUJ, a violcd, crys- 
talline powder; the oxalato-diethylcncdiamino-cliromic suit, |(•r(‘n 
(C204)2][Cr en2(C204)], a glistening, bright red crystalline l)0(ly ; and 
/mns-dichloro-diethylenediamino-cobalticsalt, [Cr cn(Co04)ol[C(/cn2C'l2|, 
which crystallises in violet leaflets. 

Ammino-compounds containing divalent anion arc unknown, and 
the group is only represented by such compounds as aquo-])cntabronu)- 
chromium, [CrIl20.Br5]M2. 

Class II. (B). — Polynuclear Chromi-ammines. 

The number of ammines of this type is not large when compared 
with the mononuclear chromi-ammines. 

^ Werner, Annalen, 1914, 406, 261. 

^ Pfeilfer, ibid., 1905, 342, 283. 
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Polynuclear metal-ammines contain several complexes in one 
molecule. The metallic atoms in these complexes may be linked together 
by a single atom, such as oxygen, or by groups, such as hydroxyh, amino-, 
imino-, or nitro-groups. Such a compound is not easily broken at these 
linkings by ionisation or hydrolysis. These linking groups are usually 
referred to as ‘‘bridges,” and the metallic atoms in the polynuclear 
compounds may be linked by one, two, three, or more such “bridges.” 
On this account a very varied series of polynuclear metal-ammines is 
possible. 

It is usual to divide the compounds into groups, depending on the 
number of bridges which are required to link together the metal atoms 
in the complex, thus : 


1 . Polynuclear Conipounds containing One Bridge, 

For example, decamfnino- dichromic salts, of formula [(NH3)5Cr.OIT. 
Cr (NH3)5]R5. The rhodo-chromic salts belong to this class of polynuclear 
compound. These pass by the action of ammonia into basic salts of 
formula [(NH3)5Cr.OH.Cr(NH3)5]OH, which latter, on loss of water, pass 

R4 

into another series of bridged compounds, the decanimino-oxo-dichromium 
salts, of formula [(NFl3)5Cr.O.Cr(NH3)5]R4, the basic crythro-salts. 
The oxygen atom in these compounds is capable of uniting with acids, 
giving rise to the “ normal er3^thro ” salts or the 

dichromic salts, of formula [(NH3)5.Cr.O.Cr(NIl3)5]R^, which are there- 

H 

R 

fore isomeric with the normal rhodo-salts. Werner shows the relation- 
ship of the four types of compounds in the following manner : — 


Cr(NIl3)3]R, 

> 

cv(Nir,)5]U2 

Basicr. 

Itliodo -salts. Erythro-saltH. 

Rhodo-chromic Salts. — Jorgensen ^ in 1882 discovered this series 
of com}:)Oimds and the isomeric crythro-chroinic salts. 

Rhodo-chromic Chloride, [Cr 2 (NH 3 )io( 01 I)lCl 5 .Il 20 , is prepared 
by mixing an air-free solution of (‘hronious crhloride with a strongly 
ammoniacal solution of ammonium chloride. The dee}) bliK* solution 
so obtained is oxidised by leading air or oxygen througli it, when the 
colour changes to red, and red crystals of neutral rliodo-chrornie chloride 
separate. The substance is ])iirified l)y dissolving in waten* and ])re- 
cipitating the salt by the addition of hyclroehlorie acid. This salt fornis 
the starting-point for the ])reparation of other salts of the series. It 
crystallises in deep red needles, which easily lose the one molecule of 
water of crystallisation and are soluble in water. By dissolving the 
substance in aqueous ammonia or sodium hydroxide the solution becomes 

^ Jorgensen, J. 2>raJcL Che.m.y 1882, 25 , 821, .898. 


Rg 

Cr(NII,),]R3 Cr(NH3)5]01I 
>011 >OH 


Cr(NH,,) 5 ]R, 

Normal. 


Cr(NIl 3 ),]R, 

Basie. 


Cr(Nn 3 ) 3 ]R, 
^0 HR 
Cr(NIl3)3]R3 

Normal. 
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blue, and crystalline basic rhodo-chromic chloride separates on the 
addition of alcohol to the liquid. This reverts to the normal salt again 
on acidifying or on treating with ammonium chloride. 

Normal rhodo-chromic salts are red crystalline bodies which are 
rather sparingly soluble in water, sensitive to light, and decompose on 
heating or on keeping. 

The bromide, [Cr2(NH3)iQ(0H)]Br5.H20, may be obtained from the 
chloride by treating with hydrobromic acid or by heating erythro- 
chromic bromide to 100° C. The corresponding base of the series is 
formed in solution when the chloride is treated with moist silver oxide. 
A blue alkaline liquid is obtained, which soon becomes red and passes 
into the erythro-hydroxide. 


1^2 

Cr(NH3)5]OH 

Basic Rhodo-chromic Salts, . — These are blue 

Cr(NPl3)5]R2 

crystalline substances which decompose on keeping and more quickly 
on heating to 100° C. Acid converts them into the normal salts, and 
the solution, which is alkaline in reaction, quickly changes colour, being 
transformed into the ery thro -salt. 

Cr(NH3)5]R20H 

The bromide, ^OH .H20» is prepared directly by oxida- 

Cr(NH3)5]R2 

tion with air of a solution of chromous bromide in ammoniacal ammonium 
chloride. It crystallises in dark blue octahedra, and loses one molecule 
of water over sulphuric acid. 

Cr(NH3)5]R 

Normal Erythro-chromic Salts, \o HR . — These compounds 


Cr(NH3)5]R 

are obtained from the rhodo-salts by dissolving them in water, adding 
ammonia, and allowing the solution to stand for some time, when a 
deep carmine solution containing basic erythro-salt is produced. From 
this by precipitation with nitric acid or hydrobromic acid the neutral 
salt is obtained. 

The bromide, [Cr2(NH3)ioOH]Br5.H20, crystallises in carmine-red, 
easily soluble needles. 

The sulphate, [Cr 2 (NH 3 )ioOI-I] 2 (S 04 ) 5 , is almost insoluble in water, 
and may be prepared from the bromide by treating it with sulphuric 
acid and precipitating the solid with alcohol. 

The salts are generally more soluble in water than the rhodo-salts, 
and are therefore less easily precipitated. They are carmine red in 
colour, and decompose on keeping or on heating to 100° C. 

The aqueous solutions are acid in reaction, and yield with dilute or 
concentrated halogen acids the same products as the rhodo-salts. On 
treatment with sodium-hydroxide solution they dissolve, giving a 
beautiful red liquid containing basic erythro-salt. 

Cr(NH3)3]R2 

Basic Erythro- salts, , are the intermediate products 

Cr(NH3)3]R2 
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in the preparation of the normal salts. They are red crystalline sub- 
stances, soluble in water with neutral reaction. 

Cr(NH3)5]Bro 

The hrojyiide, .2H2O, crystallises in violet-red crystal- 

Cr(NH3)5lBr2 

line leaflets which lose water over sulphuric acid and decompose at 100° C. 
The salts when they crystallise with water of crystallisation are isomeric 
with the rhodo-salts, and the oxy^]^en atom bein^ capable of uniting with 
acids gives rise to the normal erythro-salts, which thus rescmlfle oxonium 
salts. 

2. Polynuclear Com2younds co 7 \taining Tico 

Tetraethylenediamino-diol-dichromic Salts, [Ch\>cn4(OH)2lRj. 
— ^When C25-hydroxo-aqiio-diethylenediamino-chroniic salts or the 
hydroxo-bisaquo-salts are heated they lose watca*, and form diol- 
chromium salts according to the e(piation 


Rs 


>cr<; 


fii'' 


‘OH 


H.O' 


>v<r 


It, 


-> h., 


'<•11, OH., ^.<‘11’ 

>(V., ' cv< 

<‘ii' OH '(‘n 


The acidic radicles are easily exchangeable and ar(‘ ionisial in solution, 
whilst the hydroxyl-groups arc ap})arerdly within tlu‘ co-ordination 
complex and linked to two chromium atoms. Tluy arc* \'ioht in (‘olour, 
and yield reddish-violet neutral solutions. They an* IbruK^d only from 
the 6*/,S'“Salts, hence giving a method for the determim'd ion of tint con- 
figuration of this class of salts. TIk* pre])aration of (la* diol salts !nay 
be carried out, using ])yridine for the dehydration^ or ac(*(ic anhydride 
may l)c used, as it gives a som(‘what b(‘tt(‘r yi(‘Id.“ 

Thchroinide, [Cr.^ 0114(011 isstatcal by Dulisky locoulain 

2 molecules of water in the* molccaih*. and by IMVifhu* 2-5 mol('(‘ult‘s. 
This salt is ])re})arcd by treating a dilub* aepa^ous solution of r/.v-dibis- 
aquo-diethyIenc(IianuiH)-(hn)niic bromidi* with pyridine.-* It s(‘para.tes 
in lustrous bluish-violet crystals, whicli an* solubh* in water with neutral 
reaction. Halogen acids transform it into Uk* c/.v-diaeido-salt ; for 
cxanijile, with hydrochloric* acid it. forms dichloro-dic-t hyh-nediainino- 
ciiromic chloride, [('r cnoCI^K*^*^ Htluu* salts of the s(‘ri(*s may hi* 
obtained IVom the broinidi*. 

The* dithUrnate, | C-rocn,|(()n )o[(S.t),i)2. is produced by heating r/.v- 
hydroxo-a(|uo-dic‘tliylc‘nedianiino-(diromi(* dithionate with <*X(*css of 
acetic anhydride for two hours.- From thi* product other salts may hi* 
]>repar(‘d, su(‘h as tlie (*hl(>rid(*, | Crocn gOIl )2|('l,i-‘-d I.t ), which scfiarati-s 
in dark lihiish-violet mieroerystalliiu! aggregates on treatment of thi* 
dithionate with ammonium chloridi*. 

Octammino -diol -dichromic wSalts, )i! I JH j. ddiese 

salts corr(‘S})ond to tlu* etliyk*iH*(iiamin(* derivati\*es deserihed jd)ovi*, 
and are ])re})ared in thi* same manner. Duhsky, in an attempt to 
ascertain tlu* constitution of the* diol salts, prepared a iiumher of salts 
lielonging to the scTies. ()etammino-diol-di(‘hromie siilphati* is formed 
when hydroxo-aquo-tetrammino-ehromie sulphate is heated with excess 

^ f'fcillVr, Zi itsrh. tunny, ('/n ni., UH)S, 58, 27S, 

^ Jlulisky, J. prtili. ('hutt., HU I, 90, lU. 

^ rf(‘iITer, ZtiUch. nuanj. ('/u m., HKi.S, 58 , 272. 
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of acetic anhydride, and from this the dithionate, [Cr 2 (NH 3 ) 8 (OH) 2 ] 
(S20g)2.4H20, and the bromide are obtained in the usual way. 


3. Polynuclear Compounds containing Six Bridges. 

These compounds are represented by salts containing four chromium 
atoms in the molecule; for instance, the compound produced by re- 
placing ethylenediamine in triethylenediamino-chromic salts by three 
molecules of dihydroxo-diethylenediamino-chromic salt, giving rise to 
the hexaethylenediaminodiexol-tetracJiromic salts, of formula 



H \ 

— 

Cr 

... 0 \ 1 
< /Cr en. 

i i 

js 



\ H 1 




Polynuclear compounds containing other bridging groups are 
described under the cobalt-ammines. 

In 1892 Jorgensen ^ discovered a series of polynuclear chromic 
ammines which he obtained as by-products in the preparation of luteo- 
chromic salts. These he called Rhodoso -chromic salts. Later, 
in 1901, Pfeiffer ^ prepared by the same method rhodoso-chromic salts 
containing ethylenediamine in place of ammonia. The constitution 
of the rhodoso-salts is, however, still somewhat doubtful. Jorgensen 
gave to the compounds the constitutional formula 


-(OH) . 


R 


:Cr— 0 — Crf(H 30)2 

\(NH3)2J 


Hg ; 


but this did not represent the complete properties of the salts, for all 
the acidic radicles appear to be ionised. Pfeiffer therefore modified 
the formula to 



Cr 


(NH 3 ),' 

(HaO)^ 



H 


thus placing the acidic radicles outside the metallic complex. Later, ^ 
he modified the formula still further, and suggested that they are hexol- 
compounds, and should therefore be represented as 


r / H \ 


/ ..Ov ' 


Cr< >Cr(NH3)4 

js 

1 0/ , 


L \ H / 




The salts are carmine-red, crystalline substances, and the aqueous 
solutions decompose on heating or on standing. 

Rhodoso-chromic Chloride, [Cr 2 ( 04 H 5 )(NH 3 )e]Cl 3 .HaO,^isformed 


^ Jorgensen, J. praJet. Chem,, 1892, 45, 260, 274. 

Pfeifter, Zeitsch. anorg. Chem., 1901, 29, 107. 

^ Pfeiffer, ibid., 1908, 58, 272. 

Using Jorgensen’s formula. 
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when a solution of chromous chloride, dissolved in ammoniacal am- 
monium chloride, is oxidised and allowed to stand for a long time 
until the hexammino-chromic salt is decomposed. The impure product 
containing ammonium chloride is decanted and washed with successive 
small quantities of water acidified with hydrochloric acid until free 
from ammonium chloride. It crystallises from water in carmine-red 
prisms, which lose water on standing over sulphuric acid and decompose 
on heating. 

The bromide, [Cr2(04H5)(NH3)6]Br3.H20,i is prepared from the 
chloride by treating with ammonium bromide. 

The sulphate, [Cr2(04H5)(NH3)6]2(S04)3.8H20,i erystallises in short 
four- or six-sided prisms and is sparingly soluble in water. 

The nitrate, [Cr2(04H5)(NH3)6](N03)3,^ crystallises in red needles and 
is soluble in water. 

Ethylenediamino-rhodoso-chromic Salts or Hexaethylene- 
diamino-hexol-tetrachromic Salts, [Cr4(OH)6en3jR6. — The series 
have properties very similar to the ammino-rhocloso-salts, and when 
dried at 100 ° C. they have the empirieal formula CraOallgengRg, 
whereas Jorgensen’s compounds have the emjiirical formula Cr204ri5 
(NH3)iiR3, the difference being, therefore, one molecule of water." The 
formula suggested for the series by Pfeiffer shows the substanees as 
compounds with six-bridge linkings, thus : 



They yield m-dichloro-chromic chloride, [Cr ciuClaJCl, oii treatment 
with concentrated hydrochloride, a fact which siq>])orts the suggested 
formula,^ and are slightly alkaline in reaction. 

Hexaethylenediamino-hexol-tetrachromic Sulphate, 

[Cr4(OH)3eng](SO4)3.10H2O, is prepared from partially dehydrated’ 
chromic alum. The bluish-grey powder obtained is heated with eth vlene- 
diamine monohydrate on a water-bath till a red-eolonred mass is pro- 
duced, which consists of a mixture of potassium sulphate, lirU'o-ehromie 
sulphate, and the sulphate of the hcxol compound, and from ( Ik; mixture 
the latter compound is obtained by dissolving out the more; soluble siilts 
with water. The crude, difficultly soluble sulpliate is 2)urili<‘d by dis- 
solving in dilute sulphuric acid and rcprcci2)itating with excess of 
ammonia. It crystallises in small needles which arc almost insoluble 
in water and soluble in dilute acids. 

The chloride, [Cr 4 ( 0 H) 3 en 3 jCl«.Cll 20 , is obtained from the crude 
sulphate by susjoending it in a little water and adding drop by droi) 
concentrated hydrochloric acid. The sulphate goes into solution and 
on further addition of acid and on rubbing, the chloride; is pn-eiieitated 
as a crystalline meal. A large excess of acid must be avoided as the 
chloride is considerably soluble. The salt may be purified l)y dis’soU in" 
in water and reprecipitating with hydrochloric acid or ammonium ehlorid" 

when It crystallises in small red needles which are soluble in water .fiyimr 
a red solution. From the chloride by double decomposition the conv- 

^ Using Jorgensen’s formula. 

2 Pfeiffer, Zeitsch. anorg. Oliem,, 1908, <8 
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sponding bromide^ [Cr4(0H)6eng]Br6.4H20 ; iodide, [Cr4(OH)6en6]l6. 
4H2O ; dithionate, [Cr 4 (OH)geng](S 206 ) 3 . 7 H 20 ; nitrate, [Cr4(OH)6en6] 
(N03)g.6H20, may be obtained.^ 

Among the few chromi-ammines described of unknown constitution 
may be mentioned the compounds prepared by Jo vits chits ch ^ by 
dissolving chromic hydroxide in ammonia. The solution of chromic 
hydroxide is effected by treating the substance with just sufficient 
mineral acid, diluting with water, and adding an equal volume of am- 
monia. From the solution, substances containing hydroxyl groups, 
ammonia, and acidic radicles are obtained. These bodies appear to be 
of a complex type, and are considered to be derivatives of a hypothetical 
(0H)2 : Cr.O.Cr : (OH)2 

oxy hydroxide, 2 

(0H)2 : Cr.O.Cr : (6H)2 

Tetrachromium Oxide-hexammino-disulphate, 

(NH3)2 : Cr.O.NHsCr : SO4 

I I lOHoO, 

(NH3)2 : Cr.O.NH3Cr : SO4 

is obtained by treating chromic hydroxide with sufficient dilute sulphuric 
acid to dissolve it, diluting the liquid with water and adding an equal 
volume of aqueous ammonia On addition of alcohol a red oil separates, 
which appears to be a mixture of the ammino-disulphate and ammonium 
sulphate. The disulphate is separated from the mixture by dissolving it 
in a little water and precipitating the compound by means of alcohol, 
when it separates as a red solid which is insoluble in water. The 
substance is stable in absolute alcohol, absorbs carbon dioxide from the 
air, and hydrolyses if left to stand with water, the acidic radicles being 
replaced by hydroxyl groups. 

Tetrachromium Oxide-heptammino -trinitrate, 

(NH3)2 : Cr, 0 .NH 3 .Cr(N 03 ) 

I I (N03).10H20, 

(NH3)2 : Cr.O.NH3.Cr.NH3 

is produced in the same manner as the sulphate, using nitric acid 
in place of sulphuric acid. It separates as a scarlet velvety powder 
which is soluble in water, stable in absolute alcohol, but gradually 
hydrolysed by water or dilute alcohol. Like the disulphate, it absorbs 
carbon dioxide from the air. 

T etrachromium Oxide -hexammino - dichloride , 

(NH3)2:Cr.O.Cr(NH3)2 

I I .lOtlaO, 

(NH3)2 : Cr.O.CrClg 

is difficult to isolate in the pure state. The method of preparation is 
similar to that for the above compounds, and the substance is precipi- 
tated on the addition of alcohol as a violet-red powder which is soluble 
in water and does not give an immediate precipitate with silver nitrate. 
All three compounds yield red solutions in aqueous ammonia, and 

^ Pfeiffer, loc. cit. 

- rTovitschitsch, Moriatsh., 1913, 34 , 225. 

® Colson, Ann. Ghim. Phys., 1907, 12 , 433. 
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on standing a violet-blue precipitate forms of diammino-chromium 
hydroxide, ( OH) 6(NH3 ) lOHgO. 

A few chromi-ammines are described in the literature the constitu- 
tion of which is not clearly understood, but the number of such 
compounds is small. 


AMMINO-DERIVATIVES OF MOLYBDENUM SALTS. 

Molybdenum forms many complex substances, but few ammino- 
compounds are described in the literature, and most of those described 
appear to be molybdates of other metal-ammines, the ammonia not 
being directly united with molybdenum. To this class of substancee 
belong the complex bodies described by Briggs ^ as ammoniacal doubls 
molyMates ; for example, diammino-diammonium- cupric molybdate, 
(NH4)2 Cu(Mo 04)2.2NH3 or [Cu(NH3)2]Mo04.(NH4)2Mo04, which is 
produced when aqueous ammonium molybdate is added to aqueous 
cupric sulphate containing concentrated ammonia. After leaving the 
solution in an open dish for some time bright blue crystals separate. 
The substance is decomposed by water and dissolves in dilute aqueous 
ammonia. If the liquid contains too small an amount of ammonia or 
is too dilute for formation of the double salt, diammino -cupric molybdate, 
[Cu(NH3)2Mo 04.H20, crystallises in deep blue prisms resembling in 
appearance tetrammino -cupric sulphate. This salt loses ammonia at 
ordinary temperature, and is soluble in dilute ammonia from which it 
may be crystallised. 

The corresponding cadmium salt, [Cd(NH3)2]Mo04.(NH4)2Mo04, 
the nickel salt, [Ni(NTl3)2]Mo04.(NH4)2Mo04, and the cobaltous salt, 
[Co(NH3)2]Mo04.(NH4)2Mo 04, are formed in a similar manner. 

The cadmium salt separates in colourless crystals, the nickel salt 
in green crystals, and the .cobaltous salt in small violet crystals. 

Two compounds of molybdenum chloride and ammonia are described. 

Monammino-ammonium Molybdenum Dichloride, NIi4Cl. 
3M0CI2.NII3, is obtained by decomposing a concentrated solution of 
molybdenum dichloride in hydrochloric acid with ammonia, keeping 
the solution acid. On allowing the liquid to stand and removing am- 
monium cliloride, the monammine crystallises in yellow needles.- 

Decammino -dimolybdenum Triamine Trichloride, Moo(NH2);} 
CI3.IONII3, is produced by keeping insoluble molybdenum trichloride 
in contact with liquid ammonia for some days, when the amminc forms 
as a brown powder which rapidly evolves ammonia on exposure to air, 
leaving a residue of the triamine, Mo2(NIl2)3Ci3.*^ 

AMMINO-DERIVATIVES OF TUNGSTEN SALTS. 

One compound is recorded in the literature, namely, semi-ammino- 
tungsten oxytetrafiuoride, WOF4.-i (NII3). Tlie substance is orangc- 
yclJo^v, and is produced by passing ammonia gas over dry tungstcai 
oxytetralluoride in a tube until the weiglit of the joroduet is constant. 
It is unstable, and becomes coated immediately with a white him on 

1 Briggs, Trans. Okem. Soc., 1904, 85 , 675. 

2 Bosenlieiiii and Kolm, Zeilsch. anory. Ohem., 1910, 66, 5. 

^ Rosenl^eim and Braun, ibid., 1905, 46 , 311. 
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contact with air. It melts with formation of ammonium fluoride and 
hydrogen fluoride, leaving a residue of blue tungsten oxide, and on 
heating in ammonia explodes. It is insoluble in liquid ammonia, and 
dissolves in water with rise in temperature and development of a blue 
colour. The aqueous solution becomes cloudy on standing in the air, 
and yellow tungsten trioxy hydrate is gradually deposited.^ 

AMMINO-DERIVATIVES OF URANIUM SALTS. 

Most of the ammines kno^vn are derivatives of uranyl salts. These 
substances are capable of uniting, in the dry state, with ammonia gas, 
yielding amorphous powders of yellow or orange colour having com- 
position [U 02 (NH 3 ) 2 ]R 2 , [U 02 (NH 3 ) 3 ]R, [U 02 (NH 3 ) 4 ]R 2 . The tetram- 
mino -compounds lose ammonia at ordinary temperature, passing into 
the triammino-compounds, which in turn lose ammonia on slight warm- 
ing, forming the more stable diammines, and these on further warming 
decompose, yielding uranium dioxide and ammonium salt. In cold 
water the diammines are decomposed with precipitation of the yellow 
hydroxide, and on boiling the filtrate an almost colourless liquid is 
obtained containing a small quantity of uranium. The reaction may 
be represented thus : 

[U02(NH3)2]R2+2H20 — U02(0H)2+2NH,R; 

Liquid ammonia transforms the di- or tri-ammines into the tetram- 
mines, the latter being capable of existence only below 5° C. Acids 
decompose the substances, with formation of uranyl and ammonium 
salts. 

Diammino -uranyl Nitrate, [U02(NIi3)2](N03)2, is formed when 
dry gaseous ammonia is passed into a boiling solution of dry uranyl 
nitrate in amyl alcohol until the liquid is decolorised. A voluminous 
yellow precipitate is formed, which is collected and dried m vacuo 
over sulphuric acid. The product is only freed from amyl alcohol by 
repeated evacuation over fresh quantities of sulphuric acid. It is a 
yellow amorphous powder, wliich is insoluble in ether and amyl alcohol. 
If the diammine is prepared in ether the same reaction takes place, and, 
after evacuation over sulphuric acid, a bright yellow powder is obtained 
of composition [U02(NH3 )o](N03)2.C2HiqO ; this, on keeping m vacuo, 
gradually loses ether, yielding the diammino -nitrate. 

Triammino -uranyl Nitrate, [U02(NH3)3](N03)2, is produced 
from the diammino-derivative by keeping it in a closed flask with 
ammonia gas till the weight becomes constant, and thereafter removing 
the excess of ammonia in vacuo. It is a comparatively stable orange- 
yellow powder, and may be kept unaltered in a closed vessel for some 
time. 

Tetrammino -uranyl Nitrate, [U02(NH3)4](N03)2.^r(C2Hio^), may 
be obtained from the diammino-uranyl ether compound by the action 
of liquid ammonia. It is a deep orange-red amorphous powder, which 
is stable below 5 ° C., but decomposes rapidly at ordinary temperature, 
yielding the triammino -derivative.^ 

1 Ruff, Eisner, and Heller, Zcitsch. anorg. QUm., 1907, 52, 266. 

^ Gmeiin and Kraut, Eandbuch der anorg. Ghemie, Band iii., SS. 1516, 1561 (Heidel- 
berg, 1912). 
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Uranyl nitrate also imites with pyridine, yielding the compound 
[U0 o(C 5H5N)3]N03.HN03. It crystallises in bright yellow needles and 
is stable in air. ^ 

Diammino -uranyl Chloride, [U02(NH3)2]Cl2, is prepared by 
passing dry gaseous ammonia through an ethereal solution of uranyl 
chloride. A Voluminous yellow precipitate separates, which on drying 
over sulphuric acid is obtained as a yellow powder of composition 
[U02(NH3)2]Cl2.C2HioO. By leaving for a long time in vacuo the 
ether is removed and diammino -uranyl chloride is left. By exposing 
dry uranyl chloride, or the diammino -derivative, to gaseous ammonia, 
triammino -uranyl chloride, [U02(NH3)3]Cl2, is produced. It is an 
orange-yellow amorphous powder, and is not decomposed on exposure 
to air, but loses ammonia on gentle heating. ^ 

Tetrammino -uranyl Chloride, [U02(NH3)4]Cl2.C2HioO, is ob- 
tained as d deep orange-red powder on treating the diammino-ether 
compoimd with liquid ammonia. It decomposes above 10° C. with 
loss of ammonia. Uranium tetrachloride in the dry state absorbs 
ammonia gas at ordinary temperature ; rise in temperature occurs, 
and a compound of composition [3U(NH3)4]C1 is produced. ^ 

Diammino -uranyl Bromide, [U02(NH3)2]Br2, is prepared by 
passing ammonia gas through a solution of uranyl bromide in amyl 
alcohol till the solution is decolorised and a flocculent yellow precipitate 
is produced ; on drying in vacuo the substance is obtained as a yellow 
amorphous powder. In properties it resembles the chloride. An 
ether derivative, of composition [U02(NIl3)2]Cl2*C2HioOj is formed if 
ammonia is passed into an ethereal solution of uranyl bromide. Tri- 
ammino-uranyl bromide, [U02(NIl3)3 |Br2, and tetrammino - 
uranyl bromide, [U02(NH3)4]Br2, are prepared by an analogous 
method to that for the preparation of the corresponding chlorides, 
and the properties are similar. 

The iodides are also obtained by similar means. Three derivatives 
are known which correspond in appearance and properties to the 
chlorides. 

The ammino-uranyl salts unite readily with ether, and many of the 
compounds described have not been obtained entirely free from etluu’ 
which appears to be united with the compounds in mucli the same 
manner as water of hydration in salts. ^ 

Several additive compounds are kjiown containing bases sueli as 
pyridine and quinoline; these resemble the ammino-derivati ves in 
apiDearahee, but are generally more stable.^ 

Pincussolin, Beitrdge zur Kenntniss der Pyridin Verh. iJi&Hcri. Jieriiii 181)7 27 • 
Leeds, J. Amtr. Chem. Soc., 1882, 3 , 145, 148. ’ ’ ' ’ ^ ' 

- Regelsberger, Annalen, 1885, 227 , 119. 

^ Rammelsberg, Pogg. Annalen, 1842, 55 , 77 . 

^ Gmeln and Kraut, Handbuch der anorg. 'Chemie, Band iii., S. loGl (Heidelber<'' 19 
" Renz, Zeitsch. anorg. Chem., 1903, 36 , 110. o’ ' 


CHAPTER X. 


METAL-AMMINES OF THE ELEMENTS OF GROUP VIL 

The even series of Group VII. contains one element, manganese, the 
only metallic element of the group. It resembles chromium in some 
respects, and also iron, although the manganous salts are stable and 
the manganic salts unstable. 

The salts of manganese unite with ammonia, forming some rather 
unstable ammines. 

Ammino- manganous Fluoride. — Manganous fluoride is sparingly 
soluble in liquid ammonia, a crystalline powder being formed which is 
probably the sesquiammine, | Mn3(NH3) g ]Fg. It slowly evolves ammonia, 
and when heated to a temperature of 1200® C. in an atmosphere of 
ammonia the fluoride is partially reduced.^ 

Ammino-manganous Chlorides. — The anhydrous chloride ab- 
sorbs ammonia gas rapidly at low temperature with formation of 
hexammino-manganous chloride, [Mn(NH3)3]Cl2, a pure white body 
which, on thermal decomposition, loses ammonia and is converted into 
the diamminc, | Mn(NM3)2]Cl2. There is also evidence of the existence 
of a monamminc.- All three substances are unstable and decompose 
on contact with water. ^ 

Ammino - manganous Bromides .--Anhydrous manganous bromide 
absorbs ammonia gas readily with I'ise in temperature and increase in 
bulk, giving hexammino-manganous bromide, [Mn(NIl3)(}]Br2, a white 
solid. The diammine, [Mn(NIl3)2]Br2, is produced on leaving the 
hexarnminc in vaciio^^ 

Ammino - manganous Iodides Ilcxammino-manganous iodide, 
[Mn(NIl3)g]l2, is formed when the anhydrous iodide is exposed to ammonia 
gas for some time, or by the action of ammonia on the iodide at low 
temperature. The comj^oimd loses one molecule of ammonia in vacuo, 
being converted into the pentamminc, [Mn(Nil3)5]l2, and addition of 
ammonia to the ])entanimine does not take ]:>lace.^ By thermal de- 
composition of the hexammine, Biltz finds the only other ammine which 
exists is the diamminc, [Mn(NIl3)2]l2.^ 

Ammino-manganous Nitrate. — One derivative is recorded having 
the composition [Mn(NIl3)cj](N03)2, which is produced by treating the 

^ Moissan and Venturi, Cont/pt. rend., 1900, 130, 1158. 

“ Rose, Pogg. Amialen, 1830, 20, 148. 

^ Peters, Ber., 1909, 42, 4820; Zeitsch. anorg. Chem., 1912, 77, 137 ; Biltz and Hiittig, 
ibid., 1919, 109, 89. 

^ Ephraim, Bar., 1912, 45, 1322. 

^ Peters, ibid., 1909, 42, 4826 ; Zeitsch. anorg. Chem., 1912, 77, 137. 
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anhydrous nitrate with liquid ammonia. Colourless crystals are formed 
which rapidly become brown on exposure to air or light. 

Ammino- manganous Sulphates .—Anhydrous manganous sul- 
nlntc slowly absorbs ammonia gas, increasing in volume with forma- 
iiok of hexammino-manganous_ sulphate, [Mn(NH3)e]S04. hi vacuo it 
loses four molecules of aruiiioniu and. is transformed into tlie diamniinej 
[.Mn(NH3)o]S04. The latter, however, seems incapable of reabsorbing 

ammonia to form the hexammine.^ /xttx \ icn • i i 

T'ctrcLiJVTnino-TYicifi^cwio'iis Sul'pJiCLtc, [Mn(NH3)4]S04, is described by 
Rose 2 as the compound which is formed by allowing anhydrous sulphate 
to absorb ammonia. The salt falls to a white powder, and if kept for 
some time in a closed tube it turns brownish white, and in air loses 
ammonia. Solution in water causes the precipitation of manganous 

Pentci'iiiiTii'iio-i^ciTi^ciuous Sulphcite Mo7ioh'i/d7'cit6, [Mn(Nll3)-]b0^.rio0, 
is produced by drying the hydrated salt at 160 C., when it sloAvly absorlis 
ammonia, increasing in volume and forming the pentainmine. 

Monammino-manganous Oxalate, [Mn(NIl 3 )]C 204 .: 3 if 20 .~ If a, 

boiling solution of ammonium oxalate be treated with manganous 
oxalate till saturated and ammonia added, a white eryst alii ne solid 
separates. It crystallises in microscopic quadratic prisms, loses watca* 
at 100 ° C., and is quickly decomposed by water. 

Manganous salts form addition compounds with bases such as 
iwridine, quinoline, hydroxylamine. These are generally more stal)le 
than the true ammines. 

Dihydroxylamino- manganous Chloride, [Mn(Nllo()n)2j('l2, may 
be formed by treating a hot aqueous solution of manganous (‘lilorid(‘ 
with hydroxylamine hydrochloride and adding a further (juantity o(‘ 
the base in alcohol. On cooling the liquid crystals s(‘para((‘. The 
substance is white and very stable, only beginning to deeom{)os(? at 
150° C.5 


Dipyridino -manganese Tetrachloride, [ Mii(C!3Hr,y),,|( 1 j, is pro- 
duced when freshly precipitated manganese dioxide is warm(‘d wi(h a, 
solution of pyridine in hydrochloric acid. On tillering a dark grcisi 
liquid is obtained, from which, on coneentration, largi* iighl grecai 
crystals separate. The substance gives a colourh^ss solid ion in waita*, 
and in air loses chlorine, and is transformed into dipyri<liiio-manganous 
chloride.® 

Dipyridino-manganous Chloride, |iMn((’- li.,X).>]rL, appears lo 
exist in two forms, one rose-coloured, the otlua* brown. 'FIh* ros(‘- 
coloured variety is obtained from the rnaiiganie d(‘ri\ a i i \ c deserihed 
above by pressing it between filter-paper for s(‘\'erai das's, or if. ma\' 
be precipitated from a solution of manganous chloride in ahsolide 
alcohol by excess of pyridine. It may also Int produet'd by reerysfal- 
lising the brown compound from absoluet alcolu)!. The eojahiel i vif y is 
the same for both forms. The brown rnodilieation is jiivjimvd IVom 
a concentrated solution of the chloride mixed wifli excess of pyridims 
The solution turns brown and a solid is preeipilrdcsl. In ihi' dry stale 

^ Guntz and Martin, Bull Boc. ckim., 19 10, 7 , 

2 Peters, Ber., 1909, 42 , 4826 ; ZeAMi. (vnortf. Chcni., 1012 , 77 '27 
Rose, Pogg. Annalen, 1830, 20 , 148. 

^ Souchay and Lenssen, Annalen, 1 8.67, 102 62 
Feldt, Ber., 1894, 27 , 405. 

^ Reitzenstein, Zeitsch. anorg. Cliem., 1898, 18 , 200 . 
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the substance smells of pyridine, and loses on heating at 160° to 165° C. 
half a molecule of pyridine, becoming pink in colour. ^ 

The corresponding diqumolino-chloride, [Mn(C9H7N)2]Cl2, is also 
known, as also dianilino -manganous chloride, [Mn(C6H5NH2)2]^'4-^ 

Manganous bromide unites with pyridine, forming the dipyridino- 
derivative, [Mn(C5H5N)2]Br2. It crystallises in white needles on the 
addition of the base to an aqueous solution of manganous bromide.^ 
By precipitation from an alcoholic solution of the bromide with pyridine 
it crystallises in rose-coloured, short prismatic needles.^ The compound 
loses pyridine on warming with water. 

Hexapyridino -manganous Bromide, [Mn(C5H5N)6]Br2, is pro- 
duced by dissolving anhydrous manganous bromide in excess of pyridine. 
It crystallises in glistening rhombic plates of a slightly green colour, and 
very easily loses pyridine.^ 

Hydroxylamino- manganous Sulphate, [Mn(NIl20H)]S04.2H20, 
is a white powder insoluble in water.^ 

Dihydrazino -manganous Sulphate, [Mn(N2H4)2]S04, is a white 
crystalline unstable powder.^ 

Dipyridino- manganous Nitrate, [Mn(C5H5N)2](N03)2.2H20, is 
obtained by adding pyridine to an aqueous solution of manganous 
nitrate and concentrating the liquid over sulphuric acid.^ 

Manganous thiocyanate forms two compounds with pyridine, dipy- 
ridino -manganous thiocyanate, [Mn(C5H5N)2] (SCN)2, which is yellow, 
and tetrapyridino -manganous thiocyanate, [Mn(C5H5N)4](SCN)2, a 
colourless substance crystallising in monoclinic prisms. The tetra- 
derivative is unstable in air.® 

Trihydroxylamino- manganous Carbonate, [Mn(NH20H)3]C03. 
2H2O, is produced as a white or grey powder when a solution of sodium 
carbonate and hydroxylamihe hydrochloride is added to an aqueous 
solution of manganous chloride.® 

Manganous salts unite with organic bases, generally with formation 
of di-derivatives. 

^ Reitzenstein, Zeitsch, anorg. Chem., 1898, 18 , 292. 

- Leeds, J. Amer. Gliem. 80 c., 1888, 3 , 112. 

^ Meyer and Best, Zeitsch. miorg. Ghem., 1899, 22 , 1G9. 

^ Grossmann, Ber., 1904, 37 , 564. 

Feldt, loc. cit. 

® Franzen and Mayer, Zeitsch. anorg. Ghem.., 1909, 60 , 247. 

^ Grossmann, Ber., 1904, 37 , 1253. 

Grossmann, ibid., 1904, 37 , 559. 

^ Goldschmidt and Syngros, Zeitsch. anorg. Ghem., 1894, 5 , 138. 



CHAPTER XI. 


METAL-AMMINES OF IRON, COBALT, AND NICKEL. 

Tv Croun VIII of the periodic classification occur the triad of oleiueiits, 
iron cobalt and nickel. These elements, which resemble one anotlu-r 
in o'eneral characteristics, form compounds containing du'alent or tn- 
vaknt metal, but whereas, in the simple salts, ferrous salts arc rc-hitivcly 
unstable and ferric salts stable, nickelous and cobaltous salts arc‘ much 
more stable than nickelic and cobaltic salts. All three elenumts form 
complex salts where the metal is united witli ammonia, cyanoffcn, p\'ri- 
dine or other groups forming a complex amon or cation. Cohalf, 
however, has a greater tendency to complex-ion formation with ammonia 
than either of the other two elements, and the number of such dcrival i\-cs 
is very great. 


AMMINO-DERIVATIVES OF IRON SALTS. 

Although iron, cobalt, and nickel occur in the sanK‘ triad in (iroup 
VIII., the'^three elements differ considerably in Uuar aliility to ibrin 
addition compounds with ammonia. Iron forms {‘ew ammino-salts, 
most of which are unstable, and its tendency to conipl(‘x-s;iU i'orniation 
of the ammine type appears in the complex cyanidivs and not in llu‘ 
ammines themselves. 


Ammino -ferrous Salts. 

Hexammino -ferrous Chloride, | F(‘(Nn; 5 ),; [C lo. Ferrous chloridi* 
absorbs six molecules of ammonia at ordinary t emperal iirt' with 
production of a white powder, the luxxammim*. It readily oxidises 
in air, and if heated to 100° C. in an atmosphmT* of hy( iro! 4 (‘ii 
loses ammonia, and is transformed into diammino-ferrous cliloride, 
[Fe(NH 3 ) 2 ]Cl 2 A It is probable that th(‘ monamniine, | Fe( N I! ^ j [I *1 
also exists. 2 From a study of the tension of dissociation, the reaction 
of ammonia with ferrous chloride appe^ars to be r(‘\'ersib!<* l)ef\\<Tn the 
temperatures of —18° and 350° C., liexannnin<)d‘(*rrous eliloriib* heini*’ 
stable only at low temperature.'^ 

Ammino -ferrous Bromides. Ferrous bromidi* readilv absorbs 

ammonia at low temperatures with formation of hcj (umtiiiio-fvrnius 
bromide, [Fe(NFl 3 )g]Br 2 . The substance is a white powder which, on 
rise of temperature, dissociates, giving tlu‘ di(n}nnim\ | Fe(NII ^ at 

^ Miller, Mwer. Chem. J., 1895, 17 , 570 ; Fowler, ('la Ht, W trs, 1 ‘hhi, 82 , ‘Jlo. 

^ Biltz and Hiittig, Zeitsch. anonj. Chon.^ 1919, 109 , S 9 . 

^ Girardet, Bull. Boc. chim., 1910, [4|, 7 , i02S. 



127 


METAL-AMMINES OF IRON, COBALT, AND NICKEL. 

the same time darkening in colour. Finally, at more elevated tempera- 
ture. the monamniine, [Fe(NH3)]Br2, is produced.^ 

Ammino -ferrous Iodides. — Only the hexammine and the diammine 
appear to exist. Hexaminino-ferrous iodide, [Fe(NH3)e]l2, is a white 
amorphous powder which is rapidly decomposed by water and by 
bromine vapour. 

Ammino -ferrous Sulphate .-^When hydrated ferrous sulphate is 
heated to 115° C. it loses six molecules of water, leaving a pale yellow 
substance, the monohydrate, FeS04.H20. This salt readily absorbs 
ammonia gas, becoming reddish brown in colour with formation of 
pentammino-ferrous sulphate, [Fe(NH3)5]S04.H20. In vacuo the pent- 
ammine loses two molecules of ammonia and is converted into the 
diammine, [Fe(NH3)2]S04.H20. The diammine, on exposure to more 
ammonia, gives a triammino-derivative, [Fe(NiEE3)3]S04.H20, but no 
further absorption of ammonia takes place. ^ 

Iron salts also form addition compounds with bases such as pyridine, 
quinoline, and hydrazine. 

Tripyridino -ferrous Chloride, [Fe(C5H5N)3]Cl2.2ll20, is pro- 
duced when solid ferrous chloride is mixed with pyridine. It is a yellow 
crystalline powder, has a strong odour of pyridine, and is easily decom- 
posed by water, in which it is slightly soluble.^ 

It is probable that the compound described is not the tri-derivative 
but impure tetrapyridino-ferrous chloride, for Costachescu and Spaeu ^ 
clairn to have isolated, in a pure state, a yellow crystalline body of 
composition [Fe(C5H5N)4]Cl2 by the interaction of ferrous chloride and 
excess of pyridine in an atmosphere of carbon dioxide at —15° C. The 
substance changes quickly on exposure to air and is decomposed by water. 

Tetr apyridino -ferrous Thiocyanate , [Fe ( C5H5N ) 4] ( SCN ) 2, is 
produced when a concentrated solution of ammonium thiocyanate is 
mixed with the chloride described above. It separates as a yellow powder. 

Tripyridino -ferrous Sulphate, [Fe(C5l-l5N)3*]S04.2H20, is formed 
when pyridine is added to an aqueous solution of ferrous sulphate. The 
brownish-yellow crystals precipitated have a strong odour of pyridine 
and decompose easily with formation of basic salts. 

Dihydrazino -ferrous Ghlori4.e*.[Ee(N^Il4)2K 45^ dihydrazino- 
ferrous oxalate, [Fe(N2H4)]C204, have also been prepared. They are 
pale yellow solids.^ ^ - 

Ferric Salts. 

Ammino -ferric Chloride. — Anhydrous, ferric chloride forms 
hexaminino-ferric chloride, [Fe(NIl3)g]Cl'3,' on exposure to ammonia gas. 
The compound loses ’ one molecule of ammonia on keeping fit a 
dry atmosphere at ordinary temperature, giving the pentammine, 
[Fe(NH3)5]Cl3, and on heating to 100° C. the tetrammino-deihvative, 
[Fe(NH3)4]Cl3, is formed. Further heating causes complete dis- 
sociation with formation of ammonium chloride. The addition com- 
pounds are not deliquescent and are insoluble in water, but lose ammonia 
and chlorine when repeatedly washed with water. 

^ Biltz and Hiittig, loc. cit. 

^ Peters, Zeitsch. anorg. Chew.., 1912, 7 * 7 , 161. 

3 Reitzenstein, ibid., 1898, 18 , 253. 

^ Costachescu and Spaeu, Ann. Sci. Univ. Jassy, 1912, 7 , 132. 

^ Franzen and Mayer, Zeitsch. anorej. Chew,., 1909, 60 , 247. 

® Christensen, ibid., 1893, 4 , 227 ; Miller, Amer. Glmn. J., 1895, 17 , 570. 



J2S THE METAL- AMMINES. 

Pyridino- and Quinolioo -ferric Chlorides. — number of 
complex substances containing- ferric chloride and the bases pyridine 
and quinoline have been prepared, such as pyridmo-tetrachloro- 
ferrate, [FeClJH.CjHsN ; tripyridino-trichloro-hexachloro-diferrate, 
f2FeCl3].8HC1.3C5H5N ; t’etraquinolino-p-diehloro-octachloro-diferrate, 
fFe2Clio]H4(C9H7N)4. It is difficult to decide the constitution of these 
substances and it is assumed that each molecule contains a complex 
anion eontkning two atoms of metal each having co-ordination number 
six, with one, two, or three chlorine atoms acting as bridges. Thus : 
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AMMINO-DERIVATIVES OF COBALT SALTS. 

As far back as 1799 Tassaert observed that an ammoniaeal solutioji 
of a cobaltous salt became brown if left exposed to air, and if the solution 
were boiled it turned red. Thenard, in 1802 , stated that this change 
was due to absorption of oxygen ; and Proust confirmed this, as he fou nd, 
on evaporation of the liquid, cobaltic oxide was left as a residue. These 
early observations mark the commencement of research on the action 
of ammonia on metallic salts. Research on the action of ammonia and 
air on cobaltous salts naturally led to much speculation on the structure 
of the compounds formed, an account of which early work and tlu^ 
theories put forward is given very completely by Rosc.''^ An historical 
account of the later work on these derivatives has been given by VVerntu'.'’ 
Both cobaltous salts and cobaltic salts unite with ammonia, formiu"- 
addition compounds, but the cobaltous derivatives arc unstable, whilst 
the cobaltic derivatives are mostly rather stable, bodies. The number 
of ammino-eobalt salts is exceedingly large ; they arc thered'orc divided 
into groups according to the following scheme : — 


CLASS I. COBALTOUS SAIT yVATMINKS. 

These form a comparatively small and imim])orlim(. class, 'riiey 
are all unstable, easily lose ammonia, and in general elicmieal hcliaviou'r 
resemble the ammino-cupric salts. 


CLASS II. COBALTIC SALT AMMINES. THE COBAT/r-AMM [ Ni:s. 

1 ^o^Prises a very large number of comnounds and is 

subdivided into three groups. 


^ Weinland and Kissling, Zeitsch. anon/. Chew. 1921 120 ‘■'*09 
- Rose, Vntersuchu^en iiber amnwnuikalhche Kohalt- 
Werner, Ber.^ 1907, 40 , 15. ‘ 
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A. Mononuclear Cobalt-ammines containing One Atom of 
Cobalt in the Molecule. 

This group is by far the largest and contains most of the well-known 
cobalt-ammines. Originally the ammines were distinguished by their 
colour, or by the name of the investigator who first prepared them. 
Now they are conveniently classified in the following manner : — 

1. Cohaltic Salts with Trivale nt Cation, [CoAgjRg 
(where A represents ammonia or substituted ammonia and R a mono- 
valent acidic radicle). 

(a) Hexammino-cobaltic salts, luteo salts, [Co(NH3)g]R3. 

(b) Hexahydroxylamino-cobaltic salts, [Co(NH20H)6]R3. 

(c) Triethylenediamino-cobaltic salts, [Co en3]R3. 

(d) Diethylenediaminordiammino-cobaltic salts, [Co en2(NH3)2]R3. 

(e) Aquo-pentammino-cobaltic salts, [Co{NH3)5lT20]R3. 

(/) Diaquo-tetrammino-cobaltic salts, [Co (NHg) 4(1X20') gJRs- 
(g) Triaquo-triammino-cobaltic salts, [Co(NH3)3(H20)3]R3. 

2. Cobalt-ammines containing Divalent Cation, [CoAgRjRg. 

{a) Hydroxo-pentammino-cobaltic salts, [Co(NIi3)50H]R2. 

{b) Hydroxo - aquo - tetrammino - cobaltic salts, [Co(NH3)4li20 
(0H)]R2. 

(c) Acido-pentammino-cobaltic salts, [Co(NIT3)5R]R2. 

{d) Acido-aquo-tetrammino-cobaltic salts, [Co(NIi3)4H20.R]R2. 

(e) Acido-diaquo-triammino-cobaltic salts, [Co(NH3)3(IT20)2RJR2* 
(/) Acido-triaqiio-diammino-cobaltic salts, [Co(NH3)2(H20)3R]R2. 

3 . Cobalt-ammines containing Monovalent Cation, [CoA4R2]R. 

{a) Hydroxo-acido-tetrammino-cobaltic salts, [Co(NIl3)4R(OIT)]R, 
{b) Diacido-tetrammino-cobaltic salts, [Co(NH3)4R2]R. 

(c) Diacido-diethylenediamino-cobaltic salts, [Co en2R2]R- 

(d) Diacido-aquo-triammino-cobaltic salts, [Co(NH3)3H20.R2]R. 

{e) Diacido-diaquo-diammino-cobaltic salts, [Co(NH3)2(H20)2R2]I^* 

4 . Cobalt-ammines consisting of a Non-dissociahle Complex, [C0A3R3]. 

Triacido-triammino-cobalt, [Co(NH3 ) 3R 3] . 

5 . Cobalt-ammines containing Monovalent Anion, [CoA2R4]M. 

6 . Cobalt Salts containing Trivalent Anion, [CoRgJMg. 

These are comparable with the ammines, and are mentioned here 
merely to illuvStrate the completion of the series. 


B. Polynuclear Cobalt-ammines containing Two or 
more Cobalt Atoms in the Molecule. 

1. Dicobalt-ammines. 

2. Tricobalt-ammines. 

3 . Tetracobalt-ammines. 

VOL. X, 
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C. Cobalt- ammines of Unknown Constitution. 


The t^^pes of compounds in the foregoing table are derivatives of 
simple cobaltic salts. The complex radicle inside the square bracket 
consists of one cobalt atom united with six monovalent groups or atoms 
or their equivalent, and ammonia in the complex is readily replaced 
by other atoms or groups. Thus, if ammonia be replaced by water, 
aquo-saits are formed, but it is to be noted that the exchange of ammonia 
for water does not change the valency of the complex as a whole. For 
instance, the complex, [Co(NH 3 ) 6 ]‘*', is trivalent, as is also the complex, 
[Co(NH 3)5(H20)J*“ or [Co(NH 3)4(H20)2]“'. On the other hand, if 
ammonia be replaced by an acidic group or atom, the valency of the 
complex is diminished to the extent of the valency of the entering group 
or atom. Thus, [Co(NH 3 ) 6 ]‘“ is trivalent, [Co(NH 3 ) 5 Cl]" is divalent, 
and [Co(NH 3 ) 4 Cl 2 ]* or [Co(NH 3 ) 4 (N 02 ) 2 ]‘ is monovalent. 

As an example of this, consider the three compounds obtained from 
hexammino-cobaltic chloride by replacing ammonia by nitrito-grou]:)s. 
The same total number of acidic radicles is retained in the molecule, 
but the derivatives differ in electrical conductivity in equivalent 
solutions. The molecular conductivity of hexammino-cobaltic chloride 
at 25^ C. and 1000 litres dilution is 431-6 ; of the mononitrito-dcrivativc, 
[Co(NH3)5(N02)]Cl2, is 246-4; of the di-derivative, [Co(Nir3)4(N02)2]CI,' 
is 98-83; and of the trinitrito-derivative, [Co(NIl3)3(N02)3j, is zero, tliis 
being a non-electrolyte. Further substitution transforms the complex 
from cation to anion thus : [Co(NH 3 ) 2 (N 02 ) 4 ]K. 

As in the case of the chromi-ammines (sec p. 79), isomerism arises 
in the cobalt-ammines through different causes. 

Ionisation Metamerism. — Numerous examples of this ty|)e of 
isomerism occur in the cobalt-ammine series, such as the two metnnuirie 
substances, chloro-nitrito-tetrammino-cobaltic chioride, |(!o(Nir.j) Cl. 
NOaJCl, and dichloro-tetrammino-cobaltic nitrite, [Co(NlI.j)/.!L;|NO.!.i ' 

Also two salts are known of molecular formula C'0(Nil 3 ) 5 Hr(S()' ) • 
one is reddish violet in colour, and a freshly pre]mrcd a({ucH)iis solution 
contains sulphate ions ; the other is red in colour, and a freshly j)rcipa,rcd 
aqueous solution contains bromine ions but no sulj)hate ions, tlut i’ornKu- 
substance is bromo-pentammino -cobaltic sulphate, |C!o(N!l.j);Hr|S() • 
the latter is sulphato-pentammino-cobaltic bromide, rCo(Nn.v)r'S() 

It is interesting to note that in the second com})oimd tlut sulphate^ 
radicle occupies one co-ordinate position, but it also rcKiuiiTs two tirinei pal 
\ alencies, and thus the complex ion is monovalent. 

Polymerisatpn Isomerism.— Many cases of this form of isomerism 
occur in the cobalt-ammines. 


For example, dodeca-ammino-hexol-tetracobaltic salts arc iiolvmcrs 

C 04 (i\H 3 )i 2 (OH gRg, and the latter, Co 2 (NII)o(OII)J{,. Rcnrcscntcd 
by constitutional formula the two substances arc : Pn se nK d 


7, 290: Woracr and Klinn, 
“ Jorgensen, J. praH. Cfiem., 1885, 31, 270 ; 1879, 19, G3. 


ihul. 


1S97, 



metal-ammines of iron, cobalt, and nickel. 


/OH\ 
(NH3)3Co^OH^Co(NH3) 


'R3 and 


" /°H\ 

Co(o^\c„(NH,),j, 


131 

Re. 


.alt. ,0 


IKO. 


OH 


>Co(NH3 ), 


Ro 


(NH3),Co<(®”\co(NH3),Jr,.2H30. 


Valency Isomerism. This ,• 

dicobalt-ammines, dependino' on the^no^^'D possible in the 

that is, whether a brido-ina® amun if ; 
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differ in chemical reaction^' ^ but they 

^ Werner, Annalen, 1910, 375 , 1 . 
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rism due to Asymmetric Cobalt Atoms. — As has been 
already, Werner further established his formulae for the 
nines by proving the fact suggested by the theory that certain 
lit atoms were centres of asymmetry and therefore should be 
existing in different optically active forms. He established 
me of the simple cobalt-ammines, and further showed that 
of the polynuclear compounds optical activity exists, 
ice, tetraethylenediamino-/x-amino-nitro-dicobaltic bromide. 


m 




Co enp 


Br. 


may be obtained in four isomeric forms, 


J 

e dextro-rotatory and the Icevo -rotatory forms, with equal and 
itation of a ±164 ; the racemic form, made up of equal quan- 
and Z-forms ; and a modification which could not be resolved 
ians, namely, the meso-ioim, which is inactive by internal 
on. These isomers may be regarded as the cobalt analogues 
eric tartaric acids. ^ 

) this resolution, Werner indicated that the compound men- 
■ similar compounds with two cobalt atoms joined by bridged 
mtained two different kinds of valency bonds thus : 


..-NOav 

eugCo^ }Co eiig. 


tical investigation described does not indicate any such 
and by this and other observations it seems likely that there 
dal difference between principal and auxiliary valency. 


ILASS I.— COBALTOUS SALT AMMINES. 

monia addition compounds of cobaltous salts arc unstable, 
t account there is no long series of these salts as in the case 
aino-cobaltic salts, where ammonia groups may be partially 
r acidic groups, water, and other molecules, and where the 
sufficiently stable to allow of different salts being prcj)arcd 
lecomposition. 

obaltous addition compounds, therefore, resemble the pre- 
ip of additive substances rather than the cobaltic salts, and 
lustrate the statement previously made that the most highly 
compounds of an element have greater ca])acity for the 
of complex addition compounds. In this connection, for 
ne might compare the relative instability of hexannnino- 
hloride, [Co(NH3)g]Cl2, with the high stability of the ainmine 
e saturated cobaltic chloride, hexammino-cobaltic cliloride, 
CI3.2 

mino -cobaltous Nitrate, [Co(NIl3)6](N03)2.2lIj>O, is 
passing ammonia gas into an aqueous solution of cobaltous 
ibsence of air. The precipitate of basic nitrate first formed 
L excess of ammonia, and a red solution is obtained from 
precipitated bright red crystals of the hexamminc. These 
Ber., 1913, 46 , 3674. 

eitsch. anorg, Chem., 1912, 77 , 137 ; Briggs, Trans. Ghem, Soc., 1917, 1 13, 253. 
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are collected on a filter, washed quickly with water containing ammonia, 
pressed between filter-paper and dried in vacuo. 

The salt is stable in dry air, crystallises in rose-red cubes, and is 
decoxmiposed on treatment with water yielding ammonia and basic salt. 

Hexammino-cobaltous Sulphate, [Co(NH3)6]S04. — Anhydrous 
cobaltous sulphate rapidly absorbs dry ammonia gas, heat is developed, 
increase in volume takes place, and the salt becomes pale red in colour 
with formation of the hexammine, which is soluble in water with de- 
composition. On heating, the compound melts easily, and becomes blue 
in colour with elimination of ammonia. The same substance is formed 
if ammonia gas is passed into a concentrated aqueous solution of 
cobaltous sulphate in absence of air. The compound, being soluble in 
excess of ammonia, is precipitated from solution by the addition of 
alcohol. The corresponding hydrazine compound, trihydrazino- 
cobaltous sulphate, [Co(N2H4)3]S04.H20, is prepared from aquo- 
pcntammino-cobaltic sulphate, [Co(NH3)5H20]2(S04)3, by dissolving it 
in wa-ter and treating the cold solution with 50 per cent, hydrazine 
hydrate. A precipitate of the hydrazino-cobaltous salt is formed, and 
this is filtered, washed with water, alcohol, and ether, and dried in vacuo 
over sulphuric acid. The compound is a brownish-yellow powder 
whielx is insoluble in water but decomposed by boiling water. It is also 
solublo in dilute sulphuric acid and in dilute aqueous ammonia.^ 

H 3 rciroxylamino -cobaltous Sulphate, [Co(NIl20H)]S04.2ll20, is 
also kiaown, and is obtained by mixing an aqueous solution of cobaltous 
sul})hate with hydroxylamine in absence of air. It is insoluble in cold 
water, dissolves in hot water, but readily decomposes, due to oxidation. 

Lol^altous chloride unites with ammonia, forming three ammino- 
cl(‘riva. Lives, viz. : 

Diia.3nnmino-cobaltous Chloride, [Co(NIl3)2]Cl2, is formed when 
aiuinoiiia gas is led slowly into a cold solution of cobaltous chloride in 
ac(vl()ne,^ or from hexammiao-derivativc by heating it to 120 ° C. 

ll, is a light blue powder, which becomes red on exposure to moist 
air or on solution in water. 

Tetirammino-cobaltous Chloride, [Co(NH3)4]CT2, is produced if 
ainnioixia. gas is passed over anhydrous cobaltous chloride. Ammonia 
is rapic lly absorbed, increase in volume takes place, and a reddish-white 
p()\v(k‘r is formed. This decomposes on heating with evolution of 
aininoiiiit, leaving a residue of cobalt oxide. 

Hex: ammino -cobaltous Chloride, [Co(Nll3)(5]Cl2, is the most 
slal)l(‘ oT the three ammincs of cobaltous chloride and may be prepared 
in a,(|uc^oiis solution. If ammonia gas be passed into a concentrated 
a(pK‘()ii.s solution of cobaltous chloride the greenish precipitate at first 
IbrnuHl dissolves in excess of ammonia in absence of air, giving a red 
solution. From the liquid, on standing, pale red octahedral crystals 
of penln.nnnino-cobaltous chloride separate. The crystals are stable in 
:d)s(MU‘c^ of air but lose ammonia if kept over sul})lmric acid. On heating 
to 120 ’ CL the substance loses four molecules of ammonia and is trans- 
tbrincd into diammino-eobaitous chloride. It is soluble in aqueous 
ammoniix without decomposition and insoluble in alcohol. With 
j>lal inoiis chloride it forms a double salt, [Co(NH3)6]PtCl4.^ Cobaltous 

1 Eiaui^cen and Mayer, Ber., 1906, 39 , 3379. ^ Naumann, ibid., 1904, 37 , 4334. 

^ Kmirjxakoff, ZtiiHch. amrg. Chem., 1898 , 17, 210 . 
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cliloride also forms addition compounds with hydroxylamiiie, such as 
dihydroxyiamino-cobaltous chloride, [Co(NH 20 H) 2 ]Ci 2 . This dcriva- 
ti\'e is produced when cobaltous chloride is mixed with alcohol in 
an atmosphere of hydrogen and an excess of hydroxylamine hydro- 
chloride in alcohol is added ; on warming, rose-red crystalline needles 
separate. The compound may be kept out of contact with air, but 
on exposure to the atmosphere it decomposes with evolution of nitrous 
acid, and on heating it decomposes with loss of ammonia and formation 
of ammonium cliloride.^ 

Cobaltous bromide and cobaltous iodide in the solid state absorb 
ammonia with formation of hexammino -cobaltous bromide, 
[Co(NH3)6]Br2, and hexammino -cobaltous iodide, [Co(Nll3)<Jl2, re- 
spectivel}". The comiDOunds are unstable, and rapidly lose ammonia on 
heating and decompose on solution in water. Tetrammino -cobaltous 
iodide, [Co(NH3)4]l2, is also known. It may be prepared ])y treating 
a concentrated solution of cobaltous iodide with ammonia ; a })alc red 
precipitate is formed, which gradually dissolves on warming, giving a 
violet-coloured liquid from which small rose-red crystals of tlic tctram- 
mine separate. It also is unstable, and decom})oses on heating or on 
standing in air with loss of ammonia and formation of c*o})alt oxide. 
In aqueous solution it turns brown, ammonia is evolved, and a ])re- 
cipitate of cobaltous oxyiodide separates. 


CLASS IL— COBALTIC SALT AMMINES. 
COBALT- AMMINES. 


THE 


A. Mononuclear Cobalt-ammines containing One Atom 
of Cobalt in the Molecule. 


1 . COBALTIC SALTS WITH TRIVALENT CATION, |C<)A<;j‘’*. 

(a) Hexammino-cohaltic Salts, Luteo-cohaltlv Salts, | C()(Nn.,),. |H 3. 

These salts are formed from dilute ammoniacal solutions of eoballons 
salts in air, or by heating aquo-pcntaniinino-sahs with ammonia. 
Frequently they are obtained as decomposition prod(i(*{s of ac'ido- 
pentammino-salts. They may be obtained direefly from (he eorn- 
sponding cobaltous salt by heating with excess of ammonia and am- 
monium chloride, 2 or from the corresponding ammonium sail by addition 
of lead peroxide to the aqueous solution. 

The liexammino-salts are yellow or brownish eoinpounds (“isilv 
crystallised and fairly stable. They withstand tlu‘ ad ion or 'lxhlin-- 
water for some time, and can therefore ]>e erystalliscMi from miueoiw 
solution if crystallisation be carried out (piiekly. Acid solnlions of 
tne salts are very stable, but alkaline and madrai solnlions aiv dc(a>m- 
posed on heating. The salts arc more solubh* (ban (Ik* (‘orresoondino- 
aquo-pentammmo-salts, and their solutions an* brownish yc low in 
colour The hydrated salts cinorcscc iu nir and I,,., opa.m,. a, 
reddish brown m colour. On ], eating Ihev lose annnonia. icaninu 
cobaltic oxide and a cobaltous salt. In eold .solution lliev .dve no 
precipitate with sodium hydroxide, ammonium liydroxi(h‘,‘ or alkali 


1 Peldt, Bar., 1894, 27 , 401. 

2 Klobb, Bull. Soc. chim., 1901, [ 3 ] 2 K 1o22 
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phosphate or carbonate. Ammonium sulphide, however, precipitates 
cobalt sulphide, and chloroplatinic acid gives a yellow crystalline 
precipitate. 

Hexammino-cobaltic Hydroxide, or Luteo-cobaltic Hydroxide, 
[Co(NH 3)6](OH)3, the parent substance from which the hexammino- 
salts are derived, is obtained in aqueous solution by treating the corre- 
sponding sulphate, [Co(NH3)g]2(S04)3.5H20, with baryta water, 

[Co(NH3)e]2(S04)3+3Ba(OH)2— >2[Co(NH3)6](0H)3+3BaS04. 

The solution obtained, after removal of insoluble barium sulphate, 
is yellow, strongly alkaline, and decomposes on heating with loss of 
ammonia. It readily absorbs carbon dioxide, forming a soluble carbonate. 

Hexammino-cobaltic Chloride, or Luteo-cobaltic Chloride, 
[Co(NH3)6]Cl3. — Several methods of preparation have been described. 
The best method is that of Jdrgensen,^ whereby the salt is prepared 
by warming chloro-pentammino-cobaltic chloride, [Co(NH3)5Cl]Cl2, in 
a pressure flask with 20 per cent, aqueous ammonia and ammonium 
chloride for several hours with constant shaking. After cooling, the 
mixture is removed from the flask and ammonia allowed to evaporate. 
The liquid is then diluted, hydrochloric acid added, and the whole 
heated on the water-bath, thus changing any aquo-pentammino- 
chloride into chloro-pentammino-chloride. More concentrated hydro- 
chloric acid i^ added and the mixture cooled and filtered. The residue 
on the filter consists of ammonium chloride, chloro-pentammino-chloridc, 
and hexammino-cobaltic chloride. Ammonium chloride is removed 
by treating with a 20 per cent, solution of hydrochloric acid, and the 
residue is then treated on a filter with cold water in which chloro-pent- 
ammino-cobaltic chloride is insoluble and hexammino-cobaltic chloride 
soluble. The salt is precipitated from its warm solution by the addition 
of half its volume of concentrated hydrochloric acid. 

The salt forms brownish-orange to red crystals belonging to the 
monoclinic system. It is very stable towards hydrochloric acid and 
towards heat, and may be heated to 100° C. and even higher without 
decoin]3osition. On i:)rolonged heating with water it loses ammonia, and 
leaves a residue of cobaltous hydroxide. It readily forms double salts, 
such as the mercuric-chloride double salt, [Co(NIl3)g]Cl3.HgCl 2, an orange- 
coloured compound, and it reacts with chloroplatinic acid, yielding a 
yellow-brown crystalline body, [Co(NH3)6]2(PtCl6)3.6lT20. This salt 
crystallises in short, six-sided prisms. 

Hexammino-cobaltic Bromide, [Co(NH3)6]Br3, is obtained 
from the chloride by precipitating the solution with aqueous potassium 
bromide, or better, by saturating a solution of hexammino-cobaltic 
hydroxide with hydrogen bromide. The precipitate formed is recrystal- 
lised from water and obtained in glistening rhombic plates. 

Hexammino-cobaltic Iodide, [Co(NIl3)6]l3, is produced by the 
method described above, using hydrogen iodide. It is a dark orange- 
coloured body, less soluble in water than the bromide, being almost 
insoluble in cold water and only sparingly soluble in hot. 

Hexammino-cobaltic Fluoride, [Co(NH3)6]F3, is also known. 
It forms yellow prismatic crystals. 

Hexammino-cobaltic Nitrate, [Co(NH3)6](N03)3. — The salt is 
formed by air oxidation of an ammoniacal solution of cobaltous nitrate, 
^ Jorgensen, Zeitsch. anorg, Chem., 1898, 17 , 455. 
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or from the corresponding sulphate by treating an aqueous solution 
with barium nitrate, or by treating a solution of hexammino-cobaltic 
chloride with dilute nitrie aeid. The nitrate is precipitated, filtered, 
and washed first with dilute nitric acid and then with 90 per cent, 
alcohol. It crystallises in mosaic gold plates or orange-yellow needles, 
is soluble in water, one part dissolving in sixty parts of water at ordinary 
temnerature, and is almost insoluble in acids. It readily forms an 
acid nitrate,’ [Co(NH3)6](N03)3.HN03, and if a 1 per cent, solution of 
the normal salt is treated with excess of concentrated nitric acid and 
allowed to stand for some time, fine orange-yellow needles of the aeid 
salt are precipitated. 

Hexammino-cobaltic Sulphate, [Co(NH3)6]2(S04)3..5H20. This 
is best prepared from hexammino-cobaltic chloride. A solution of the 
chloride in hot water is mixed with dilute sulphuric acid and heated 
to 60° C., alcohol is then added, the mixture kept lieated for a short 
time and allowed to cool slowly. After standing for a day the pri'c-i- 
pitate formed is filtered, washed with 75 per cent, alcohol, dissoh’ed in 
warm dilute sulphuric acid, and on cooling, the pure acid sulphate-, 
[Co(NH3)e](SO,)2H, is deposited and converted into the normal salt 
by dissolving in water and precipitating with alcohol. The salt (aystaJ- 
lises in monoclinic prisms which are somewhat sparingly soIut)l(‘ in cold 
but readily soluble in hot water. Sulphuric acid does not preeij)itat(^ 
the salt from solution, and hydrochloric and nitric acids pr(‘eipita((^ 
mixtures of the sulphate with the chloride or the nitrate?. The salt 
loses four molecules of water at 100° C., and liirther heating d(‘e()inposc‘s 
it with formation of an unstable sulphato-sulphatc, ainmoniiun sulphate, 
cobaltous sulphate, and some unchanged salt. 

Hexammino-cobaltic Carbonate, is 

likewise prepared from the chloride by treating an aqiunus solution wit h 
silver carbonate. It crystallises from hot water in y(‘Ilowish-brown 
rhombic crystals containing seven molecules of water* The water oj* 
hydration is lost on exposure to dry air and the compound becomes 
opaque and powdery. 


(b) Hemhydroivylamino-cobcdH^ Sails, |.Co(MIi,()n ),. |ICj. 

Several salts are known belonging to the ]iexammino-s(‘ri(‘s, wh(*re 
hydroxylamine takes the place of ammonia. Feldt ‘ prfqianal the lirst 
compound of the series, and the exact constitution of t h(‘ s(‘ri(‘s was 
worked out by Werner and Eerl.^ 

Hexahydroxylamino-cobaltic Chloride, |('()(Nn ..OH )„ IC'l,, is nio- 

duced when an alcoholic solution of cobaltous chloride is mixed wilh 
hydroxylamine and saturated with oxygen in a closed ilask imlil then- 

toOU.2NH20H, IS formed, and is sns])cn(lcd in alcohol and (‘<h>I(‘( 1 in a 
freezing mixture. Alcohol, saturated with hvdroucn eblorid,. is (l„.n 
added until the solid dissolves, the solution allowed to stam'l se\er d 
iX®; precipitated hc.vahydroxvlamino-eobaltie chlori.le 

CO lected, washed with alcohol, and reervstallised from dilute livdro- 
ehloric acid It crystallises in goldcn-ydlow h-alh-ts which are 
owards hydrochloric acid, darken on c.xjiosurc to liglit, and dccomi)ose 
n boiling with acetic anhydride, giving cobaltous chloride. 

^ Feldt, Ber., 189-1, 27, 104. 

” Werner and Berl, ibid., 1905, 38, 895. 
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Hexahydroxylamino-cobaltic Nitrate, [Co(NH20H)6](N03)3, is 
prepared from the chloride by treating a concentrated solution with 
nitric acid, free from nitric oxide, at a low temperature. The solid 
which separates is drained on a filter, washed with acid, and repreci- 
pitated three times. It crystallises in long needle-shaped crystals of a 
golden-yellow colour. As it may decompose explosively into cobaltous 
salt, it should be handled carefully and must not be washed with alcohol. 

The corresponding sulphate, [Co(NH20H)6]2(S04)3.2H20, is also 
known. 

(c) Triethylenediamino-cohaltic Salts, [Co en3]R3. 

Ethylenediamine may replace all or part of the ammonia in the 
hexammino-salts, giving rise to the triethylenediamino-cobaltic salts 
or the diethylenediamino-diammino-cobaltic salts. The first of this series 
was described by Jorgensen in 1889 , and later Werner, Grossmann, 
Pfeiffer, and others prepared a complete series of these salts. 

Triethylenediamino-cobaltic Hydroxide, [Co en3](OII)3, is the 
parent base of the series, and is prepared from the chloride, [Co eiig] 
Cl 3, by shaking it with freshly precipitated silver oxide. An orange- 
coloured solution is thus obtained which has a strongly alkaline reaction, 
and is capable of removing ammonia from ammonium salts and absorb- 
ing carbon dioxide from the air. On concentrating the liquid over 
sulphuric acid a -dark yellow crystalline mass is obtained, which deli- 
quesces in air and always contains carbonate. It gives, however, the 
corresponding salts on neutralising with acids, and is therefore the 
impure hydroxide.^ 

Triethylenediamino - cobaltic Chloride, [Co eiigjC^.BHgO, is 
formed from chloro-pentammino-cobaltic chloride by mixing it with 
water, adding ethylenediamine, and heating the mixture until the liquid 
has acquired a deep orange colour and a drop gives on the addition of 
alcohol a yellow precipitate. It crystallises in glistening yellow-brown 
prisms which are easily soluble in water. It is not readily decomposed, 
and may be heated with G per cent, sodium-hydroxide solution without 
decomposition. Nitrous acid does not act upon it,^ and ammonium 
sulphide gives no immediate precipitate. The behaviour of the cthylenc- 
diamino-serics of salts resembles that of tlic hexammino-salts,, and 
compounds exist where both ammonia and ethylenediamine are present 
in the complex. 

(d) Diethylenediainmo-cliammino-cohaltic Salts, [Co en2(NH3)2]R3. 

This series of salts exists in two isomeric forms, namely, c^’^’-salts and 
trans-sslts. 

Cis-salts, 

The members of the c?’ 5 -serics are characterised by the sjxari ng 
solubility of the salts in water. They arc formed by the interaedion of 
di-iso-thiocyanato-cliethylenediamino-cobaltic salts with chlorine. The 
configuration of the scries is derived froiTi their relationsliip, tJirough 
the di-iso-thioeyanato-dietliylcncdiamino-saits, with the 1 , 2 -diehloro-di- 
ethylenediamino-cobaltic salts, tlie violeo-salts. • 

Cis-diethylenediamino-diammino-cobaltic Chloride, [Co cn^ 
(NIl3)2]Cl3.Il20, is prepared by the action of chlorine on di-iso-thio- 

^ JuL'geiiscn, J. 'prakt. Chem., 1889, 39, 8. 

- Groasinann and Shiick, JSer., 1906, 39, 1899. 
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cv^nato-diethyleiiedianiino-cobaltic chloride in cold aqueous solution. 
S cSallises in long yellow asynunetnc prisms or m thin needles. 
From the aqueous solution other salts may be produced by the ad i- 

'‘'’The''bSmide, [Co en,(NH3)dBr3 crystallises in long J^t Prisms, 
the iodide as an amorphous, brownish-yellow powder, and the thio- 
cyanate in orange-coloured crystals. 


Trans-salts. 

The trans-s&Ms are readily soluble in water, and are prepared by 
tlie action of concentrated aqueous ammonia or liquid ammonia on 

dinitrato-diethylenediamino-cobaltic salts. 

Trans-diethylenediamino-diammino-cobaltic Nitrate, [Co eii2 

(XIIo)ol(NOq)q, is formed when 1 -, 2-dinitrito-diethylenediamino-cobaltic 
nitrate: Co is heated with nitric acid. It is first con- 

verted into the dinitrato-salt, which separates m dark red tnclinic 
crystals. This then reacts with liquid ammonia, forming diethylene-^ 
diamino-diammino-cobaltic nitrate together with a small quantity of 
the ois-soR. The nitrate forms a red viscid syrup which is soluble in 
water and on the addition of potassium iodide yields the iodide, which 
separates from hot water in small orange-yellow crystals or rclxactive 

rhombic plates. • . i i 

The bromide, [Co en2(NH3)2]Br3, is prepared from the iodide by 
the action of silver nitrate and hydrobromic acid.^ 


(e) Aquo-pentammino-cobaltio Salts, Eosco-cobaltic Salts, 

[Co(NH3)5.H20]R3. 

The salts of this series are formed by replacing one molecule of 
ammonia in the complex by one molecule of water. 

The liame rc^^o-cobaltic salts was given to the series ])y Frciny, 
but it is due to the research of later investigators, notably Jiirgenscai, 
that the roseo-salts were shown to be derived from the hcxaimnnio- 
compounds by replacement of ammonia by water. The salts are clearly 
marked off from those of the acido-pentammino-seri(‘s, the })urpui‘eo- 
salts, where acid radicle replaces ammonia in tlui coin])lex ion. The 
valency of the complex in the aquo-peirtarn mi no-salts is not changed 
by the entrance of water in place of amnroivia. 

Aquo-pentammino-cobaltic Hydroxide. — A hydroxide, possibl}^ 
of formula [Co(NH 3)5H20](OH)3, has been formed in solution <‘ither 
by the decomposition of the chloride, [Co(Nil3)5ll20|Cl3, of the se^u^s 
with moist silver oxide, or by the decomposition of a cold a,(pie()us 
solution of the sulphate with barium hydroxide thus : 

[Co{NIi3)5H20]2(S04)3+3Ba(OH)2-->[Co(l\dl3),Ii201(On)^^ [~ 3 BaS(),. 

The solution is red in colour, alkaline in reaction, and vivry c‘.asily 
decomposed. It absorbs carbon dioxide readily from the air, Vonning 
a carbonate, and if neutralised with acids it yields the eorresj)oiKiirig 
aquo-jientammino-salts . ^ 

Aquo-pentammino-cobaltic Nitrate, [Co(NI[3)-IL/)J(N()3)3, is 
obtained when nitrato-pentammino-cobaltic' nitrate, [Co(Nn.j)5N03j 

^ Werner, Annalen, 1907, 351, 65. 

2 Jorgensen, J. 'prakt. Chem., 1878, 18, 220. 
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(NO 3) 2, is dissolved in water, mixed with dilute aqueous ammonia and 
heated on a water-bath. On adding a large excess of concentrated 
nitric acid the aquo-pentammino-salt is precipitated. It is collected, 
washed with concentrated nitric acid at 0° C., then with dilute acid, 
and finally with alcohol. The substance is a red crystalline powder, 
and may be crystallised from concentrated aqueous solution by pre- 
cipitation with nitric acid, when it is obtained in large glistening quad- 
ratic plates mixed with prisms. On heating it decomposes at 100° C., 
with loss of water and the entrance of a nitrate radicle into the complex 
thus : 


[Co(NH3)Jl20](N03)3^->[Co(Nn3)3(N03)](N03)2+H20. 

Aquo-pentammino-cobaltic Sulphate, [Co(NH3)5ll20]2(S04)3. 

— -This salt is prepared by neutralising the corresponding carbonate, 
[Co(NIl3)5ll20]2(C03)3, with dilute sulphuric acid and evaporating the 
liquid over sulphuric acid. It may also be obtained by decomposition 
of the corresponding oxalate. The salt crystallises in red plates which 
are soluble in water. If heated to 98° C. it loses three molecules of water 
and retains the character of the aquo-salt, but if heated in a stream of 
air four molecules of water arc lost and it ])asses gradually into the 
acido-compound, sulphato-pentammino-cobaltic sulphate, [Co(NIl3)5 
SOJgSO,.! 

Aquo-pentammino-cobaltic Chloride, [€0(^113)5. HgOjCl 3, is 
also best })rcpared from the oxalate. The oxalate is moistened with 
water and brought into solution by the addition of normal hydrochloric 
acid. On the addition of concentrated acid the chloride is precipitated 
as an indistinctly crystalline brick-red powder. The salt is soluble in 
cold water, and is readily transformed into the aeido-salt on heating to 
100° C. It also passes into the aeido-salt on heating in hydrochloric 
acid solution thus : 

[Co(NH3)5.n20JCl3- >[Co(Nll3),Cr|Cl2+ll20. 

If heated in neutral solution it is completely decomposed. Acpio- 
penta,mmino-cobaltie l)roniide, | (4>(N1 1 |lh’3, and a(pio-])eut- 
anunino-cobaltic iodide, |Co(Nir3)5l[20Jl3, are ])reparcd by similar 
means. 

Aquo-pentammino-cobaltic Oxalate, |CV>(NI[3)3ll20]2(C204)3. 
•iHoO, is '])re])arcd from (‘hlon)-pentiiJnmino-cobaltic eliloridc. Tiie 
lincly ])owdcrcd chloride is luxated witli water and dilute ac|ueoiis am- 
monia, the deep red licpiid is liltercd, and the hltratc cooled and saturated 
witli oxalic acid. Ammonium oxalate iu a.(|ue(>us solution is then added 
to cioinplctc the precipitation of the salt, and tlic residue is collected on 
a Liter, washed fre^e froni the chloride witli water and hnally with 
alcoliol.- The substainxi does not lose water if kept over concentrated 
sul|)huric acid, l)ut if heated to 100° V. it (lccom])oscs. 

(f ) f Co (N 113 ) 4.(11 JJ ) 2 1 R.J. 

The series was first ix^marked upon ])y Vortmann in 1877.^ He 
pre^pared and deseribc^d lh.e chloride and the sulphate of the series, but 

^ Jorgensen, J. pniJd. Ckttnb.y LSSn, 31, 72 ; Zciiacli. anunj. Cham., 1898, 17, 462. 

- Jorgensen, Zaitsch. aaorg. Cham., 1S6S, 17, 461. 

^ Vortmann, Bar., 1877, 10, 1454 ; 1882, 15, 1891. 
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to determine their constitution. The salts were shown 
later to' be derivatives of the hexammino-cobaltic salts by replacement 
of ammonia by two molecules of water thus : 

[Co(NH3)e]R3+2H20 — [Co(NH3)4-(H20),]R3+2NH3. 

Diaquo - tetrammino - cobaltic Sulphate, [Co(NH 3 ) 4 .(H 30 ) 2]2 
fSO.h 3 II „0 crystallises in bright red prisms which are soluble in water, 
giving a violk solution. It is more easily soluble in water contanuug 
suljihuric acid, and loses water if kept over ^ncentrated sulphuric acid 
vielding the anhydrous salt, [Co(NH3)4-(H30)3]2(SOj3 It is prepared 
hy heating the corresponding carbonato-salt with sulphuric acid aiicl 
precipitating the sulphate with alcohol. ^ /rr rw 

Diaquo -tetrammino -cobaltic Chloride, [Co(NH 3 ) 4 .(Il 2 l^) 2 JCl 3 . 
The salt has been obtained water free as above or containing one molecule 
of water, [Co(NH3)4.(H20)2]Cl3.H20. This salt is also prepared from 
the carbonato-salt by dissolving it in water containing a little hydro- 
chloric acid. The liquid is then cooled in ice and the diaquo-tetraninnno- 
cobaltic chloride precipitated by the addition of concentrated hydro- 
chloric acid. It is filtered off, washed with acid, then with 95 per cent, 
alcohol, and dried in air. 

It forms dark red octahedral crystals which arc soluble in water, 
and if heated to 100° C. it los'es one molecule of water and passes o\'cr 
into cliloro-aquo-tetrammino-cobaltic chloride, [Co(NH3)4.Il20.Cl|Cl2.^ 

Other salts of the series are known. They have the same general 
characteristics of those described, and the methods used for tlicur 
preparation are similar to those mentioned above. 

A series of compounds is known belonging to the diaxpio-seric^s, 
where ethylenediamine replaces ammonia, the diaquo -diethylenedi- 
amino- cobaltic salts, [Co en2(H20)2]R3. These exist in isomeric* 
forms, intensely red m-diaquo-salts and brownish-red /m/c.y-dia(|U()- 
salts. The irans-series may be produced from the 6*i6‘-seric‘s l>y tre^ating 
it with some j^otassium hydroxide and rubbing the Zm^/.v-liydroxo- 
aquo-salt, [Co en2H20(0H)]R2, produced with concentrated mineral 
acid. 

Cis^series. 

Diaquo - diethylenediamino - cobaltic Chloride, [Co eiu 

(H20)2]Cl3.2H20, is obtained by treating hcxol-tetracohalli-nil.ratc*" 

/ .OHv 

Cof \ yCo eiig )3(N03)6.3H20, with concentrated hydrochloric acid. 

\ / 

It forms red crystals which are easily soluble in water, and on luxating 
with a solution of hydrochloric acid pass into the imn.y-niodilieal ion. 

The bromide, [Co en2(H20)2]Br3.2l-l20, is formed in the* same* 
manner b}^ the actitn of concentrated hydrobromic acid. II. (*rysial]is(‘s 
in shining red plates which dissolve in water, giving an inlensi'ly real 
solution which is acid in reaction.^ 


TranS'Series. 

riie chloride, [Co 6112(112^)21^^3 [Co en2(lIoC)).,|Cl.j.2n is 
prepared from imn 5 -hydroxo-aquo-cobaltic bromide, “|Co cauJ^U.X)) 

^ Jorgensen, ZeitscJi. anorg. Chem., 1892, 2 , 29 J. 

2 Werner, Ber.., 1907, 40 , 205. 
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(OH)]Br2, by treating it witbx concentrated hydrochloric acid. It 
crystallises in glistening reddish-brown needles and is soluble in water. ^ 

Diaquo - dipyridino - diammino - cobaltic chloride, [Co py 2(NH3) 2 
(H20)2]Cl3, is one of the most stable of the aquo-salts, and requires 
to be heated for a considerable time before it passes into dichloro- 
dip^a’idino-diammino-cobaltic chloride, [Co py2(Nbl3)2Cl2jCl. The aquo- 
pentammino-cobaltic salts, on treatment with ammonia, may be changed 
into hydroxo-pentammino-cobaltic salts thus : 

[Co(NH3)5H20]Cl3+NH3-— >[Co(NH3)3(OH)]Cl2+NH4Cl. 

(g) Tfiaquo-triammino-cohaltic Salts, [Co(NH3)3(H20)3]R3. 

The ammonia content of the complex may be still further reduced, 
giving rise to the triaquo-triaymnino-derwatwes. 

Triaquo-triammino -cobaltic Nitrate, [Co(NH3)3(H20)3](N03)3. 
— This substance is formed from the corresponding triacido-cobalt, 
[Co(NH 3)3(N03)3]. If the salt is allowed to stand for some time with 
water it goes into solution, and on evaporation deliquescent carmine-red 
crystals of the triaquo-triammino-nitrate separate out. 

Triaquo - triam mino - cobaltic Chloride , [Co (NH 3 ) 3(11 gO ) 3] Cl 3, 
is produced by dissolving trinitrato-triammine cobalt in water with the 
addition of a little acetic acid and allowing the liquid to stand for 
twenty hours. It is then cooled and treated with hydrochloric acid 
at 0° C., when a yellowish-red crystalline powder is precipitated. This 
is quickly separated from the mother-liquor and dried on a porous 
plate. ^ Other triaquo-triammino-salts have been prepared. 

The aquo-salts generally readily pass into the acido-ammino salts ; 
for example, aquo-]:)cntammino-cobaltic chloride and diaquo-tctram- 
mino-cobaltic chloride are transformed into chloro-pentammino-cobaltic 
chloride and dichloro-tetrammino-cobaltic chloride respectively on 
leaving concentrated aqueous solutions to stand for some time. 

2. COBALT -AMMINES CONTAINING DIVALENT CATION, [CoAgR]*’. 

(a) Tlydroxo-pentammino-cohaltic Salts, [Co(NIl3)5.0II]R2. 

The first member of this series to be prepared was the ditlrionatc, but 
the constitution was not then understood, and it was described as a basic 
dithionate belonging to the aquo-pentammino-series.’^ 

The hydroxo-])entammino-salts are obtained from the aquo-pent- 
ammino-salts, [Co(NH3)rJl20]R2, on treatment with aqueous ammonia, 
and they pass quickly into the aquo-salts again on treating with acid 
thus : 

[CD(NH3)3ll201R3+NIl3-™->[Co(Nn3)50n]R2+NII,R; 
[Co(NH3)50n]R2+HIl — >[C o(NH3)5H20]R3. 

This series of salts contains a hydroxyl grouj) in the nucleus, and 
shows a distinctly alkaline reaction in aqueous solution, although they 
do not precipitate silver oxide from silver nitrate. With concentrated 
solutions of ammonium salts ammonia is evolved and the corresponding 
aquo-pentammino-salt is formed.^ 

’ Werner, Bar., 1907, 40, 2()9. 

“ Werner, ibid., 1906, 39, 2678. 

^ Jcirgensen, J. pralct. Clicm., 1882, 25, 418. 

Werner, Ber., 1907, 40, 4098. 
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Hydroxo-pentammino-cobaltic Nitrate, [Co(NIl 3 ) 50 II](NO.j) 2 . 
HgO, is prepared by dissolving aqoo-pciitammino-cobnltic nilrale in 
concentrated aqueous ammonia. The dark carminc-colourcd li(iiiid is 
filtered, warmed gently, and treated with boiling alcohol, and, on cooling 
and standing for some time, large carmine-red needle-shajied crystals 
separate. The erude produet is purified by dissolving in ammonia 
solution and treating with alcohol and ether, when the salt crvstallisa's 
in violet -red seales. 

It is fairly soluble in water, giving a bluish-red alkaline li(juid, which 
gives no precipitate with silver nitrate. When added to animoniuni 
salts, ammonia is liberated and the aquo-salt formed tluis : 

[Co(NH3)50H](N03)2-fNH4N03— >[Co(NIl3)5n20](NO.,),,-l-Nn.,. 

Carbon dioxide reacts with an aqueous solution of the salt, yielding 
the bicarbonate -salt thus : 

[Co(NH3)50H](N03)3-fC03— >[Co(Nll3)3TIC03l(N03)„,- 
and acetic anhydride transforms it into the acetato-derivative, 
[Co(NH3)3(0C0CH3)](NO3)3. 

The chloride, [Co(NH 3 ) 50 H]Cl 2 .H 20 , is formed from aquo-ptmt- 
ammino-cobaltic chloride by dissolving it in aqueous ammonia, warming 
the solution and mixing it with alcohol. It sep.arat<-s as "a crystalline 
meal, and is purified by redLssolving it in ammoniueal solution and 
adding alcohol. It crystallises in glistening seales and has similar 
properties to the nitrate. 

The bromide, [Co(NIl 3 ) 50 ri]Hr 3.11.30, is |.>repar<-d front the corre- 
sponding aquo-salt in the same manner its the chloride, and sepanttes from 
alcohol and water as a Auolet powder. The iodide, |Co(N'n,,) OH |1,„ 
is obtained from the chloride by dissolving it in :n|ueous anunoni!i inid 
adding solid potassium iodide. The dithionute, |('o(\II,,)/)n|S.,0 
H2O, obtained from the chloride by treating it willi ammonia aud sodi'uiu 
dithionate, crystallises in short red ]wisms or letidels. 


(b ) Hydroxo-aquo4etrammino-coh(ilfic Salts, [ ( 'o ( X 11 3 1 , If ..( ).( ) 1 1 ) H „. 

The series is obtained by the removitl of ;i molecule of .aeid from 
the diaquo-salts by the action of ammoniii. Tliev .are also alkaline in 
reaction when dissolved in water, and behave tow.ards silver nilrtile 
and ammonium salts like the hydroxo-|ienf:immino-s,alls. 

Hydroxo-aquo-tetrammino-cobaltic Chloride, [Col XH.,) 11.0 

OHJCla, JS prepared by mixing diaqno-tetr.ammino-eobal!i<- «t,b,rid(’ 
with concentrated aqueous ammoniaaud adding alevdtol b. the sohilion 
till precipitation is complete. It is a vioht-ied ervsiallim- powder .and 
IS soluble in water. Onleading carbon dioxi<l<- ini,; a s.-dural.d a,,n,-ous 
solution of the salt a precipitate of ebloro-a.pa.-l, 1 ranunino-.eballi.- 
ehloride IS formed whilst earbonato-t..| ranunino-eblorid,- ..o.-s into 
solution. Other salts of the series are oblaimsl from lb.- ,ddori,le bv 
treating the aqueous solution with the corresponding .alkali s.all 'I'b. 'v 

- 

A series of hydrowo-aquo-dietJiylcmslM^^^ 

1 Werner, Ber., I<)(»7, 40 , 41 K!, .(lot. 
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These exist in two isomeric forms : cis-salts which are violet-red in colour, 
and iraiis-sslts which are light violet-red in colour. 

Cis-series. 

These are prepared by the addition of pyridine to an aqueous solu- 
tion of c?'5-diaquo-diethylenediamino-cobaltic salts. 

Hydroxo-aquo-diethylenediamino-cobaltic Chloride, [Co eug 
H20.0H]Cl2-H20, is a brownish-red crystalline powder which is easily 
converted into the diaquo-salt on treatment with concentrated hydro- 
chloric acid. 

The bromide, [Co eugHgO.OHJBrg.HgO, is obtained from the 
chloride or from ^rans-dichloro-diethylenediamino-cobaltic chloride 
by treating it with concentrated aqueous potassium hydroxide and, 
after cooling to 0° C., neutralising the solution obtained with concen- 
trated hydrobromic acid. It is a red crystalline powder, and resembles 
the chloride in properties. 

The iodide, [Co enH2O.OHJI2.H2O, is prepared from c^5-diaquo- 
diethylenediamino-cobaltic bromide by acting upon it with pyridine 
and powdered potassium iodide. 

The dithionate, [Co en2H20.0H]S20(5, separates in slender violet- 
red needles. 

Trans-series. 

Trans -hydroxo -aquo -diethylenediamino -cobaltic Chloride , 
[Co engHgO.OHJClg, is prepared from aqueous iJra/?5-diaquo-diethylene- 
diamino-cobaltic chloride by the addition of potassium hydroxide or 
pyridine. It crystallises in pearly bluish-red leallets. 

Tlie bromide, [Co en2H20.0H]lir2, is obtained in a similar manner, 
or from the C2’5-salt by boiling the aqueous solution with potassium 
hydroxide for a short time and neutralising the solution with well-cooled 
hydrobromic acid. It is a light red powder, and is less soluldc in water 
than the chloride. 

The iodide crystallises in reddish-brown leallets and the dithionate 
in glistening red needles. 

The salts of both series are rather sparingly soluble in water, have 
a faintly alkaline reaction, and dissolve readily in water containing 
acetic acid. Mineral acids convert them into diaquo-salts. The 
formation of the compounds by the action of pyridine on tlie diaquo- 
salts may be represented generally thus : ^ 

[Co en2(H20)2]R3+C5H5N — ^>[Co en2n2O.OHIR2-hC5H5N.IIR. 

(c) Acido-pentammiino-cohaltie Salts, [Co(NH3)3R|R2. 

Nitro -pentammino -cobaltic Salts , Xantho -cobaltic Salts , 

.[Co(NH 3)5(N02)]R2— The series was first described by Gibbs in 1852, 
and later, in conjunction with Gcnth, it was furtlicr examined and the 
constitution investigated. The series is given the name xantho-salts 
on account of their golden-yellow colour. 

Nitro -pentammino -cobaltic Nitrite, [Co(NH 3)5(N02)|(N02)2. 
2II0O, is prepared by heating aquo-pentammino-cobaltic sulphate with 
barium nitrite, or by treating a solution of chloro-pentammino-cobaltic 

^ Werner, Ber., 1907, 40, 284. 
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chloride with silver nitrite, a double nitrite, [Co(NH3)5N02](N02)2- 
AgNOg, being formed at the same time.^ The salt crystallises in dark 
wine-coloured crystals. 

Nitro-pentammino-cobaltic Nitrate, [Co(NH3)5N02](N03)2.— 
This salt is obtained by leading nitrous fumes into a neutral or acid 
solution of aquo-pentammino-cobaltic nitrate or acido-pentammino- 
cobaltic nitrate until the colour changes to saffron yellow, and then 
precipitating the substance by means of dilute nitric acid.^ It crystal- 
lises in small, glistening, brownish-yellow crystals of tetragonal shape, 
is slightly soluble in cold water and easily soluble in hot water. On 
heating to 100'^ C. it decomposes, and if boiled with nitric acid it is 
transformed into aquo-pentammino-cobaltic nitrate, [Co (NH 3)5.1120] 
(NO 3) 3. Treatment with other acids yields the corresponding acido- 
salt. 

The sulphate, [Co(NIT3)5N02]S04, crystallises in brownish-yellow 
leaflets or prisms, is soluble in hot water and slightly soluble in cold 
water. In neutral solution it decomposes, and prolonged heating with 
hydrochloric acid transforms it into chloro-pentammino-cobaltic chloride. 

Nitro-pentammino-cobaltic Chloride, [Co(NH3)5N02]Cl2, may 
be obtained from the corresponding sulphate by decomposing a solution 
with barium chloride, or from chloro-pentammino-cobaltic chloride, 
[Co(NH3)5Cl]Cl2, by dissolving it in water containing ammonia, acidify- 
ing the liquid, after filtration with hydrochloric acid, and heating with 
sodium nitrite until the precipitate first formed completely dissolves. 
On cooling the brownish solution the xantho-salt is precipitated by the 
addition of concentrated hydrochloric acid. The substance is collected 
on a filter and washed first with acid and then with alcohol. 

The salt crystallises in large brownish-yellow monoclinic crystals, 
which are very sparingly soluble in cold water. If the neutral aqueous 
solution is heated it decomposes, as does the slightly acid solution. 
Excess of hydrochloric acid transforms it into chloro-pentammino- 
cobaltic chloride. 

Isomeric with the nitro-pentammino-salts are the isoxantho- salts 
or nitrito-pentammino-cobaltic salts; for example, [Co(NIl3)5 
(ONO)]Cl2. These differ in colour from the nitro-salts and are labile 
isomers. Most members of this series are completely transformed into 
the stable nitro-salts on keeping, or more quickly on heating. Jorgensen ** 
was the first to investigate the isomerism in the xantho-salts, for lie 
noticed that when nitro-pentammino-cobaltic salts arc prepared from 
aquo-pentammino-cobaltic salts, intermediate bodies are produced which 
have a lighter colour than the final product. These he concluded arc 
unstable salts containing the (ONO) group, which pass into tlie stable 
substances containing the (NO2) group. On account of the instability 
of the compounds they could not be thoroughly examined. Werner,'* 
hiowever, succeeded in pre]mring a more stable series of compounds 
corresponding to Jorgensen’s xantho- and isoxantho-salts. He prepared 
:wo isomeric xantho-dipyridino-diammino-cobaltic salts, namely, 
iinitrito-dipyridino-diammino-cobaltic salts, |Co(NH3)2])y2 
;0N0)2]R, and dinitro-dipyridino-diammiHO-cobaltic salts^ 

^ Gibbs, Proc. Amer. Acad., 1875, 10, 29. 

^ Jorgensen, Zeitsch. anorg. Chem., 1894, 5, 170. 

^ Jorgensen, ibid., 1893, 5, 168 ; 1899, 19, 149. 

^ Werner, Ber., 1907, 40, 768 : 1903, 35, 27. 
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[Co(NH3)2py2(N02)2]R- Also, he showed that there are four isomerie 
salts of molecular formula [Co(en) 2 (N 02 ) 2 ]K.* In this series position 
isomerism, as well as isomerism of the nitro-^Toup, play a part. 

There are two dinitro-diethylencdiamino-col)altic salts, namely, 


“ 1 -N 02 

Co en. 

R 

and 

1 -NO 2 

Co eu , 

_2-N02 



^C-NOa 


1-, 2-ditutro-diothylenediamino- 1-, G-dinitro-diethylenediamino- 

cobaltic salt. cobaltic salt. 


and isomeric with these two there are two dinitrito-salts, namely, 


-l-(ONO) 

Co en. 

R 

and 

“l-(ONO) 

Co en. 

_2-(0N0) 



_6-(0N0) 


R. 


1 -, 2-dinitrito-di(^thylencdiamino- 
co bailie salt. 


1-, G-dinitrito-diethylenodiamino- 
ciobaltici salt. 


The isomers differ in colour; the nitro-scries are ychow or yellowish 
brown, whilst the nitrito-scries are brick-red in colour. The stability 
of the two scries is also different, for the nitro-salts are (|uite stable 
towards acids, whilst the nitrito-salts arc^ (k‘com|)os(‘d l)y a(*ids with 
liberation of nitrous acids. The nitrito-salts readily |)ass into tlu' more 
stable isomers if kc])t, transformation takin^y about j’orty-eioht hours at 
ordinary temperature, and at (>0° C. l)cin.o- imnu^diate. 

More complex salts arc also known j)clon^ 4 in<»‘ to the sca’ies. For 
instance, if a solution of iiitro-pentanunin()-(*ol)altie chloride be treated 
with an aqueous solution of sodium cobaltic* nitrites, Na;jC()(N 02 )(;, a. 
ycllowish-))rown crystaHine j)rc(*ipitate of nitro-|)(‘nta,mmi no-cohaltic 
cobalti-nitrite, |Fo(NIl3)5(N02)|3| CV)(N02)(5 12» fornu^d. Also the 
correspondino' ferro(*yanide may be ]>r(‘[)a.r(‘d by tri^atino' nitro- 
pentammi no-salts with ])ota,ssium fcrrocyanidt*. Tlu^ (‘om|)onnd ob- 
tained is a reddish-vellow substaiutc* of comj)ositi()n |C<)(Nn.{)r,(N().,)|.> 
[Fe(CN),].(>ir20. 

Nitrato-pentammino -cobaltic Salts or Nitrate -purpureo- 
cobaltic Salts. The first salt of this s(‘ri(*s, tlie nitrat(‘, was descrilxal 
by Frc'rny in i(S.52. In LS5(> (iibbs and Chmlh (i(‘S(*rih(*d it as wat(*r- 
free r()SiUhC()haltic nitrafe; but ia.t(*r, in lS7f), (iibbs r(‘(*oo'nis(‘d tlu* <‘om- 
j)ound as an acido-jxmta, mmino-sa.lt. Jiirnxmscap ‘ in LSSI, suce(xxl(‘d 
in distinonisliino- tlu^ nitrate from a.(juo-p(‘nta,mmino-nitrai:(‘ by (‘xaininini^ 
its reactions. 

Nitrato-pentammino -cobaltic Nitrate, | Co(Nll.5)3N().j|(N().j)2. 
“ If an aqueous anunoniacal solution of cobaltous nitrate* lx* oxidis(*d 
by mc'ans of air and th(‘n h(‘atcd with (*xcess of ammonium nilraU*, 
the nitrat()-sa,lt is (brined. It is more* c*a,sily prc^pa.rc'd by dissol vini,^ 
col)altous carbonate in warm dilute* nitric* acid and tluai warming’ the 
mixture with c*onc(mtrat(‘d aejueous ammonia.. Iodine* is ther(‘a.{‘t(*r 
added, one atom for (‘V(‘ry atom of (*oba,lt in solution, and the whole* 
warm(‘(l until the iodine dissolv(*s and a pr(‘ci|)itat(* of h(‘xammino- 
cobaltic*. iodido-nitrate is formed. It is (iltered and the residue wasluxl 
with dilute aejueous ammonia. The filtrate is tr(*ated with nitric acid, 
and the precipitate of a(|uo-pcntammino-nitrate is converted into the 
nitrato-salt by heatins^ with more nitric acid. The* change from aepio- 
^ »Iorg(ai.s<*n, ,/. praM. Ohvw.., 18<S1, 23, 227. 
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to nitrato-salt may be brought about by heating to liH)"" C. lor several 
hours thus : 

[Co(NH3)5H20](N03)3--~->[Co(Nll3).,NO.,l(N(),,)a-|-n/). 

The salt is a reddish-violet crystalline substance which is sliohlly solublt' 
in cold water, but easily soluble in hot water conlaininy nitric^ aeid, 
forming the aquo-salt, 

Nitrato-pentammino-cobaltic Chloride, |Co(NlI;j)r,N().5|(l2. is 
formed by mixing finely powdered nitrato-])cntaniniino-nitraie willi 
water containing a small quantity of dilute suljfiiurie aeid and allowing 
the solution to run slowly into excess of well-cooled liydroeliloric* aeid. 
The precipitate formed is collected and washed with aeid and them with 
alcohol. It crystallises in reddish- violet octahedra whicdi are slightly 
soluble in cold water, and if crystallised from watca* eontaining hydro- 
chloric acid it is transformed into chloro-pentanimino-eobaltic^ ehloridcg 
[Co(NH3)5Cl]Cl2." 

Aquo - derivatives of nitrato-pentammino -salts are known. For 
example, nitr ato -aquo - tetrammino -cobaltic nitrate , [Co ( N H ^ ) ,, 
(H20)(N03)](N03)2, is prepared from earbonato-tetrannnino-eohalt ie 
nitrate, [Co(NH3)4(C03)]N03,2 by treating it in a(|U(‘ous solution with 
concentrated nitric acid, when the aquo-salt is ]>rt^eipit atcal. 

Chloro-pentammino -cobaltic Chloride, Piirpurco-cobaltic 
Chloride, [Co(NH3)5Cl]Cl2, was first described l)y ('lauded, and (hmth.** 
Gibbs and Genth ^ gave to the compound and th(‘ eorn'sponding (ddoro- 
pentammino-salts the name purpureo-salts, and disi inguislu‘d llnun 
from the aquo-salts, roseo-cobaltic salts. La, tea*, .h'h’genstai •'* (‘xainimal 
the series and proved them to be acido-salts, eontaining (dilorini‘ in th(‘ 
complex cation. 

(Shloro-pentammino-cobaltic chloride was first pr(‘j>ar(‘d by tiu? 
oxidation of an ammoniacal solution of eohaltous (ddoridc; <*onlaining 
ammonium chloride and the subsequent pr(‘eipi((d ion of (h(‘ oxidation 
product with hydrochloric acid. It is the b(\s(. known and th(‘ long<‘st 
known of the cobalt-ammines. 

The substance is best prepared ])y dissolving eohaltous (*arbonate 
in the smallest possible quantity of hydrochloric* ac-id, trt*ating tin* 
cold solution with a mixture of eone(aitratc‘d a({U(‘ous ammonia, ami 
ammonium carbonate, and oxidising ])y nu‘ans ol a, str(‘am of air drawm 
through the liquid. When oxidation is eompl(*t{‘ ammonium chloride is 
added and the whole cva])orated to a syrup; dilute* h vdroehlorie* a(*id 
is added to remove carbon dioxide, and the li<juid is‘ sat iirated with 
ammonia gas to decompose any tetrainmino-salt. rorm<‘d. On tin* 
addition of concentrated hydrochloric aeid tlu* salt, eiwst allis(‘s out on 
cooling.® 

Chloro-pentammino-cobaltic chloride forms earmin(*-r(*d rhombic 
crystals which are slightly soluble in water, insoluble* in wateu* e'ontain- 
ing hydrochloric acid or ammonium chloride, and insolnl>le* in alee)li[ol. 
The aqueous solution is decomposed on warming, and the* e(>mpe)unei, 

^ Jorgensen, /. C/iem., 1881; 23, 287. 

“ Vortmann and Blasbcrg, />;•., 1S89, 22, 2i;r)2. 

^ Claudet a,nd Genth, Phil. Mar/., 185], 2, 258. 

^ Gibbs and Gentli, J. prakt. Chem.., 1857, 72, 156. 

^ Jorgensen, ibid., 1878, 18, 216. 

® Sorensen, Zeitsch. anorg. Cheni., 1894, 5, 8(19. 



METAL-AMMINES OF IRON, COBALT, AND NICKEL. 147 

if heated alone, decomposes, leaving a residue of cobaltous chloride. 
One atom of chlorine in the molecule is not precipitated on treating 
the salt with silver-nitrate solution at ordinary temperature, but on 
warming precipitation takes place. Sulphuric acid transforms it into 
the corresponding acid sulphate, [Co(NIl3)5Cl]S04. (112804)2. It forms 
double salts with many metallic salts, and both potassium ferrocyanide 
and potassium ferricyahide yield sparingly soluble coloured compounds 
thus : 

2[Co(NH3),Cl]Cl2+K4[Fe(CN)e]-~->[Co(NH3)5Cl]2[Fe(CN)e]+4^^^^^ 

T Chocolate- brown. 

and 

3[Co(NH3)5Cl]Cl2+2K3[re(CN)6]-^[Co(NH3)5Cl]3[Fe(CN)e]2+6KCl. 

Orange -red. 

Ghloro-pentammino-cobaltic Chloroplatinate, [Co(NH3)5Cl] 
[PtClg], is formed on adding chloroplatinic acid to a chloro-pentammino- 
salt. It forms a crystalline powder of brownish-red colour which is 
almost insoluble in cold and only slightly soluble in hot water. 

The corresponding chloro-pentammino-nickel salt is not prepared 
by the above method, and the formation of chloro-pentammino-cobaltic 
chloride has been used as a means of purifying cobalt salts from nickel.^ 

Chloro-pentammino-cobaltic Bromide, [Co(NH3)5Cl]Br2, may 
be prepared from the chloride by treating a solution, which has been 
made slightly acid with dilute sulphuric acid, with well-cooled hydro- 
bromic acid. The precipitate formed is washed with dilute aqueous 
liydrogcn bromide and then with alcohol. It may be formed also from 
the corresponding chloro -carbonate by precipitating from solution with 
concentrated hydrobromic acid. It crystallises in red octahedra, and 
is more easily soluble than the chloride. 

The iodide, [Co (Nil 3)50]! 2, is prepared in the same manner as the 
bromide from the chloride and hydriodie acid. It is much more soluble 
tlian the chloride or the bromide, and may be crystallised in brownish- 
violet octahedra from a solution of hydriodie acid. 

Chloro-pentammino-cobaltic Nitrate, [Co(NIl3)5Cl](N03)2, is 
obtained from the chloride by mixing it with water and a little dilute 
sulphuric acid, washing the mixture on to a fdter with water at 50° C., 
and running the solution obtained into excess of nitric acid at 0° C. 
The |)rccipitate formed is collected, washed with water containing 
nitric acid and then with hot alcohol. It crystallises in small red 
octalicdra which are insoluble in cold water and somewhat soluble in 
liot water. 

Chloro-pentammino-cobaltic Sulphate. — By treating the 
chloride with sulphuric acid three su]])hates have been obtained: (1) 
Uie anhydrous salt, [Co(NIl3)5Cl]S04, which crystallises in purple octa- 
hedra which are soluble in hot water; (2) the hydrated salt, [Co(NIl3)5 
Cl |S04.;3H20, which crystallises in deep purple crystals; (3) the acid 
sulphate, [Co(NH3)5Cl]S04.(Il2S04)2, which crystallises in dark violet- 
red ])risms or needles more easily soluble than the normal salt. If the 
sulphate is heated with water alone it decomposes with formation of 
cobaltic hydroxide, but decomposition does not take place in presence 
of sulphuric acid. 

^ Biltz, Laboratory Methods of Inorganic Chemistry, translated by Hall and Blanchard 
(Chaj)man & Hall, 1909), p. 173. 
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still remains, as the aquo-salt formed also gives optical isomerides. The 
reaction may be represented thus : 

[Co(NH3)(en)2Br]Bro+3AgN03+H20 

— >[Co(NH3)(en)2H20](N03)3+3AgBr. 

No racemisation takes place on formation of various salts of the two 
series. 

(d) Acido-aquo-tetrammmo-cohaltic Salts, [Co(NH3)4H20.R]R2. 

Nitro -aquo -tetrammino -cobaltic Salts , Aquo -xantho -co « 
Baltic Salts, [Co(NH3)4H20(N02)]R2* — These salts were first prepared 
by Jorgensen in 1894, and were further examined by Werner and Klien 
in 1900.^ 

Nitro -aquo -tetrammino -cobaltic Nitrate, [Co(NH3)4lT20(N02)] 
(N03)3, crystallises in brownish-yellow octahedra which are soluble in 
cold water. It is prepared from the chloride of the series or from 
dinitro-tetrammino-cobaltic sulphate.^ 

Nitro -aquo -tetrammino -cobaltic Chloride, [Co(NIl3)4ll20 
(NO 2 )] Cl 2 , and the bromide, [Co(NH3)4H20(N02)]Br2, are yellow 
crystalline substances which are prepared from hydroxo-nitro-cobaltic 
salts by the action of hydrochloric or hydrobromic acids respectively. 

They are isomeric with chloro-nitro-tetrammino-cobaltic chloride, 
[Co(NH 3 ) 4 (N 02 )C 1 ]C 1 .H 20 , and bromo - nitro - tetrammino - cobaltic 
bromide, [Co(NH 3 ) 4 (N 02 )Br]Br.H 20 , the substances originally de- 
scribed iDy Jorgensen as aquo-salts. These salts are red, whereas all 
the a(]uo-nitro-salts are yellow in colour. Both salts are easily trans- 
formed into the isomeric nitro -halogeno-compounds on treatment with 
water. 3 

Gliloro -aquo -tetrammino -cobaltic Salts, lCo(NIl3)4ll20.Cl]R2. 
— TIic first member of the scries described is the chloride, prepared by 
Vortmaim in Later, Jorgensen showed that these salts must 

be regarded as derivatives of the chloro-pcntammino-cobaltic salts 
where ammonia has been replaced by water. 

Ghloro -aquo -tetrammino -cobaltic Chloride, |Co(NIl3)4ll20. 
(TlCIo-. prc])ared by dissolving cobaltous carbonate in the calculated 
(jnantity of dilute hydrochloric acid, cooling the liquid obtained, and 
treating it with concentrated acpieons ammonia and ammonium car- 
bonate. The dee|) ])lue solution formed is then oxidised, by passing 
air through it for several liours, and cva|)oratcd on a water-bath, 
aimnoniiim carbonate being add(‘d from time to time. After cooling, 
the solution is acidified witli hydrocliloric acid and tlic mixture allowed 
to crystallise. The solid formed is filtered olT, waslicd with dilute 
a.(‘id to remove ammonium chloride and with alcohol to remove acid. 
The eonipound may be mixed with chloro-pcntammino-chloride and 
(li(*hloro-tetrammino-chloridc, and should therefore be further purified 
by collecting it on a filter and treating with water made slightly acid 
with sulphuric acid. The impurities remain on the filter, and the filtrate 
is allowed to stand with addition of some ammonium sulphate, when 

1 Jurgensen, ZcUtfch. anorg. Chem., 1894, 7, 297 ; Werner and Klien, ibid., 1900, 
22, 122. 

“ Jorgensen, loc. cit. ; 1898, 17, 467. 

a Werner, Ber., 1907, 40, 4126. 

^ Vortmann, ibid., 1877, 10, 1451. 
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chloro-aquo-tetraniniino-cobaltic sulphate separates and is translomied 
into the chloride by stirring with cold hydrochloric acid.^ 

It separates in small violet rhombic crystals which resemble chloro- 
pentammino-cobaltic chloride in appearance. It is soluble in cold 
water to a certain extent, and only two-thirds of the chlorine is pre- 
cipitated from solution by silver nitrate at ordinary temperature. In 
aqueous solution the salt is gradually transformed into the diaquo-salt, 
[Co(NH3)4(H20)2]Cl3 ; dilute nitric acid, if rubbed with the substance, 
gives reddish-violet crystals of the nitrate, [Co(NIl3)4(ll20)ClJ(N03)2 ; 
and a cold concentrated solution of ammonium sulphate yic^lds 
the sulphate, [Co(NIT3)4(H20)Cl]S04. The corresponding bromide, 
[Co(NH3)4(H20)Cl]Br2, is obtained by filtering a cold saturated solution 
of the chloride into concentrated hydrobromic acid at 0° C. The ])re- 
cipitate formed is washed with hydrobromic acid and then with alcoliol. 
The bromide is almost insoluble in hydrobromic acid, but more easily 
soluble in water than the chloride.^ 

Bromo-aquo -tetrammino-cobaltic Bromide, I Co(NII 3)41100.111' I 
Brg, may be prepared by warming dibromo-tetrammino-cobalt ic 
bromide, [Co(NH3)4Br2]Br, with water and a little hydrobromic acid. 
It crystallises in brownish -violet prisms.^ 

(e) Acido-diaquo-trianiniino-cobaltic Salts, [Co(Nll3)3(HoO)oH |B2- 

Chloro-diaquo-triammino-cobaltic Salts.- The suljduilc of the 
series was the first member prei>ared.^ 

Ghloro - diaquo -triammino - cobaltic S ulphate , \Vo{ N H 3 ) 3 

(H20)2C1]S04, exists in two modifications, a Idue-green modilicalion 
and a violet form. . It is prepared from acid dichloro-a([uo-triammin<i- 
cobaltic sulphate, [Co(NH3)3(H20)f'l2]"^^4^^j treating a, saturah'd 
aqueous solution with an equal volume of alcohol. Th(‘ pr(‘eij>itaU‘ of 
green-coloured salt is collected and dried o\er sul]>huric. ac'id. It 
separates as a fine crystalline powder, and if crystallised (Votti an axpu'ous 
solution is gradually transformed into the isomeric \'ioIet salt. Con- 
centrated hydrochloric acid precipitates from tlie aejueous solution 
dichloro-aquo-tetrammino-cobaltic chloride. 

Chloro-diaquo-triammino-cobaltic Chloride, |Co(N n3).j 
(H20)2Cl]Cl2, is produced from the above salt by rubbing it wit h c<ni- 
centrated hydrochloric acid. It is a dark violet erystalliiui siibstane(' 
which is soluble in water, giving a violet solution. 

Chloro -diaquo -triammino -cobaltic Bromide, [ Go(N 1 1 H 2< ) 
ClJBr2, is prepared by the addition of tlie cliloride to hydrobromic acid. 
It crystallises in dark blue needles and is unstable in moist air, form- 
ing chloro-bromo-aquo-triammino-cobaltic bromide, | ('o(N 1 1 3)3(1 1 )) 

ClBr]Br, a green salt, from which the original bromides may be ro 
generated in small quantity by suspending it in] alcoliol and gradually 
adding water. 

A solution of chloro-diaquo-triammino-colialtie bromide is blue in 
colour, and on the addition of hydrobromic acid the isonua'ic chloro- 
bromo-aquo-triammino-cobaltic bromide mono]iydratt‘, | C o( N 1 1 3)3(1! >) 

ClBrJBr.IiaO, separates in brown needles even at temj[)eratures befow 

1 Jorgensen, J. praJet. Chem., 1890, 42, 211 ; Zeitsch. anorg, Ohem., 1898, 17, 465. 

“ Jorgensen, J. pralct. Chem., 1890, 42, 215. 

^ Werner and Wolberg, Ber., 1905, 38, 2009. 

^ Werner and Griin, ibid., 1904, 37, 4700. 
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0° C. It is more stable than the blue diaquo-compound. Below 0° C. 
it forms a green solution in water, at ordinary temperatures a bluish- 
violet solution, and at higher temperatures a red solution. When 
chloro-diaquo-triammino-cobaltic sulphate is triturated with fuming 
hydrobromic acid, anhydrous chloro-bromo-aquo-cobaltic bromide is 
formed in olive-green crystals. 

The relationship of the three compounds is expressed by Werner 
and Grtin thus : 


ClCo 


\nH3)3_ 


Brg (blue bromide) 


Br 

ClCo(HoO) 

- (NH3)3. 


Br.HgO (brown bromide). 


\ 


Cl HgO 
Co 

_Br (NH3)3. 
(olive green). 


Br.i 


(f) Acido-triaquo-diammino-cohaUic Salts, 

Ghloro-triaquo-diammino-cobaltic Sulphate, [Co(NH3)2(H20)3 
ClJSO^.HoO, is obtained by decomposing an aqueous solution of acid 
dichloro-diaquo-diammino-cobaltic sulphate, [Co (NH 3 ) 2(H 2O ) gCl 2]S04H, 
with a small quantit}’' of sulphuric acid and evaporating the solution m 
vacuo. It separates in indigo-coloured crystals and is soluble in water, 
gi^dng a blue solution. 


A series of cobalt-ammines has been described which may be classed 
with this series although their cation is monovalent. These are com- 
pounds of the type [Co(NH3)5Y]R, where Y represents a divalent 
radicle such as (SO4)", {SO3)", or (CO3)". 

It has been shown tliat a divalent acidic radicle may occupy one or 
two co-ordinate positions. In this case, therefore, the divalent radicle 
oc'cupies only one co-ordinate position, but as a divalent radicle it satis- 
llcs two principal valencies of the cobalt atom, and hence the complex 
cation is monovalent. 

The Sulphato-pentammino-cobaltic Salts, [Co(NIl3)5(S04)]R, 
arc isomeric with the acido-pentammi no-sulphate series ; thus, sulphato- 
pentammino-cobaltic bromide, | Co(NH3)5(S04) JBr, and bromo-pent- 
ammino-cobaltic sul])hate, | Co(Nri3)5Br]S04, are isomeric, as also are 
[Co(NH 3)5(S04)JC1 and [Co(Nll3)5Cl]S04 (see p. 130). 

The sulphate -salts arc unstable, and readily change in aqueous 
solution into aquo-pentammino-salts. 

Sulphato-pentammino-cobaltic Bromide, [Co(NH3)5S04]Br, is 
prc]:>ared from chloro-pentammino-chloride by transforming it by means 
of concentrated sulphuric acid. The following reaction takes j^lace : — 

[Co(NH 3 ) 3 Cl]Cl 2 + 2 H 2 S 04 -->[Co(NH3)5S04]S04H-f3HCl. 

The sulphate is then dissolved in cold water and the calculated 
quantity of dilute hydrobromic acid added. The bromide so formed 
is j)recipitated from solution with alcohol as a violet-red powder. It 
may be recrystallised from a dilute solution of hydrobromic acid and 
alcohol, when it is obtained in rectangular plates. 

^ Werner and Griin, Ber,, 1904, 37 , 4700. 
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Carbonate -pentammino-cobaltic Nitrate, [Co(NH 3 ) 5 (C 03 )]N 03 . 
HaO.—Salts of this series were described by Vortmann and Blasberg.^ 
They regarded the nitrate, however, as nitrato-pentammino-cobaltic 
carbonate. Later, Werner and Goslings ^ found that it did not give 
the reactions of a carbonate, and concluded that the carbonate radicle 
must be within the complex cation. 

It may be prepared by mixing a solution of cobaltous nitrate with 
a mixture of ammonium carbonate and ammonia solution and allowing 
the liquid to stand for some time. Dark red crystals separate and are 
collected and recrystallised from hot water. In order to obtain the salt 
in a pure state it is transformed into the iodide by treating with hydr- 
iodic acid, the iodide precipitated from solution with alcohol, crystallised 
from water, and transformed into the nitrate by the addition of a con- 
centrated solution of silver nitrate to an aqueous solution. The silver 
iodide is filtered off and the nitrate separated from the filtrate by the 
addition of alcohol. The salt does not give the normal reactions for a 
carbonate and is unstable towards acids. ^ 

A more convenient method of preparation is described by Briggs, 
according to which the cobaltous carbonate is dissolved in the smallest 
possible quantity of nitric acid, the solution poured into aqueous am- 
monia containing ammonium carbonate, and air drawn through the 
liquid for some time. It is then heated on a water-bath with frequent 
additions of ammonium carbonate, when the colour of the liquid changes 
to deep red, and allowed to stand till crystallisation is complete. The 
water of hydration is not removed on heating to 100° C., nor in vacuo 
over sulphuric acid at ordinary temperature.^ 


3. COBALT-AMMINES CONTAINING MONOVALENT CATION, [CoA^Rgl * 

(a ) Hydroxo-acido-tetrmnmino-cobaltic Salts^ 

[Co(NH3),R3(OH)]R. 

This series is represented by the nitro-salts, [Co(NIl3)4(N02)(OII)]R, 
which are formed by the action of ammonia on aqueous solutions of 
aquo-nitro-tetrammino-cobaltic salts thus : 

[Co(NH 3)4N02.H20]R2+NH3 — ^>[Co(NH3),(N02)(OII)]Il+Nn4R. 

In aqueous solution the salts are strongly alkaline, and precipitate 
silver oxide immediately from silver-nitrate solution. In the moist 
state they readily combine with carbon dioxide, with formation of a 
bicarbonate thus : 

[Co(NH3),N02(0H)]R+C02--s^[Co(NH3)4N02.HCO3]R. 

The salts were at first described by Jbrgensen as aquo-salts, as 
they are formed from acido-nitm-salts by the action of dilute aqueous 
ammonia ; but this was contradicted by Werner, who showed that they 
contain a hydroxo-group in the nucleus.^ 

The chloride, [Co(lSHd3)4(N02)(OH)]Cl.H20, crystallises in glisten- 
ing red needles. 

1 Vortmann and Blasberg, Ber., 1889, 22, 2652. 

2 Werner and Goslings, ibid., 1903, 36, 2378. 

3 Briggs, Trans. Chem. Soc., 1919, 115, 75. 

^ Werner, Ber., 1907, 40, 4133. 
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The bromide, [Co(NH3)4lS[02(OH)]Br.H20, is a dark red crystalline 
powder, and the nitrate, [Co(NH3)4(NO2)(0H)]N03, crystallises in dark 
red needles.^ 

(b) Diacido-tetrmmnino-cohaltic Salts, [Co(NH3)4R2]R. 

In 1856 Gibbs and Genth obtained a green substance by the de- 
composition of aquo-pentammino-cobaltic sulphate, to which they gave 
the name praseo-salL In 1871 Rose described a green salt, which he 
isolated from the oxidation products of an ammoniacal solution of 
cobaltous chloride. He identified the compound with that obtained 
by Gibbs and Genth, and showed it to have the composition Co(NH3)4 
CI3.H2O. Some time later green salts were prepared by Vortmann ^ 
from acido-aquo-tetrammino-salts, and in 1897 Werner and Jorgensen^ 
carried out researches on these praseo-salts and definitely characterised 
the compounds as diacido-tetrammino-cobaltic salts. These salts are 
easily transformed into aquo-salts in aqueous solution. 

1-, 6-Dichloro-tetrammino-cobaltic Chloride, Dichloro- 
praseo-cobaltic Chloride, [Co (NH 3)401 2] Cl. — The compound may be 
obtained by decomposing a solution of chloro-aquo-tetrammino-cobaltic 
chloride or the carbonato-tetrammino-salt in concentrated sulphuric acid 
by the cautious addition of hydrochloric acid, or by precipitation from 
the acid sulphate of the series, [Co(NH3)4Cl2]S04H, with concentrated 
hydrochloric acid. It forms glistening needle-shaped crystals of a 
green colour which are soluble in water. The aqueous solution is green, 
but gradually turns violet and then red, due to the formation of chloro- 
aquo" and diaquo-tetrammino-salts. On heating, the aqueous solution 
decomposes, and if the salt be dissolved in aqueous ammonia and the 
liquid treated with hydrochloric acid, chloro-pentammino-cobaltic 
chloride is formed. 

Dichloro-tetrammino-cobaltic chloride forms several crystalline 
double salts. Thus, with mercuric chloride it gives a pale green crystal- 
line substance of composition 2[Co(NH3)4Cl2]CLHgCl2, which is only 
slightly soluble in cold water, and a chloroifiatinate, [Co(NH3)4Cl2] 2?^ Clg, 
which is dark green in colour and very stable. 

The bromide, [Co(NH3)4Cl2]Br, and the iodide, [Co (NH 3) 4012]!, of 
the series are also green bodies, and are formed by the addition of 
hydroln’omic and hydriodic acids respectively to the acid sulphate. 

The normal sulphate, [Co(NH3)4Ci2]2S04, has not been isolated, but 
the acid sulphate has been prepared. 

The acid sulplude, [Co(NIl3)4Cl2lS04H, is prepared from carbonato- 
tctrammino-cobaltic chloride by treating it first with hydrochloric acid 
to remove carbon dioxide and then allowing the reaction mixture to 
dissolve in concentrated sulphuric acid. The acid salt formed is pre- 
cipitated with hydrochloric acid.^ The crude product is dissolved in 
vv-atcr and repreeijntated with sulphuric acid. It crystallises in dark 
green needles and is very soluble in water, giving an acid liquid which 
is stable. 

Isomeric with the praseo-salts just described, Werner ^ prepared a 

^ Werner, Bcr., 1907, 40, 4117 ; Jorgensen, Zcitscli. anorg. Cliem., 1894, 7, 295. 

“ Vortmann, Ber., 1877, 10, 1454. 

^ Werner, Zeitsch. amrg. Cliem., 1897, 14, 33 ; Jorgensen, ibid., 1897, 14, 415. 

^ Werner and Klien, Zeitsch. atiorg. Ghem., 1897, 14, 28 ; Werner and Wolberg, Ber., 
1905, 38, 992. 
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series of violet-coloured salts, which he named the violeo-senes\ or 
1 -, 2-series, 

1 2 - Dichloro - tetrammino - cobaltic Chloride, Dichloro- 

violeo-cobaltic Chloride, [Co(NH3)4Cl2]Cl, is })re])arcd by the action 
of hydrochloric acid on octammino-diol-dicobaltic chloride at low teni- 
, perature. The reaction proceeds thus : 

[(NH3),Co(OH)2.Co(NH 3)JC]4+2HC1 — >[(NH3)4Co(HoO)2]Cl3 

+ [Co (N1 1 3 ) ^Ci 2 1 Cl . 

That is, a mixture of 1-, 2-diaquo-tetrammino-cobaltic chloride and 
1-, 2-dichloro-tetrammino-cobaltic chloride is formed. The aquo-salb is 
readily soluble in water but the dichloro-salt sj^aringly so. Tlie last 
named forms intense blue ciystals which are contaminated with small 
quantities of the praseo-salt, from which it may be freed by transfonnin o’ 
it into the dithionate. The dithionate is practically insoluble, but the 
chloride may be regenerated from it by rubbing it with ammonium 
chloride. The bromide, the iodide, and the nitrate have all been |)rcpar(‘d. 

The chloride crystallises with PI2O, which may be removxal on beating 
the salt to 60° C. The other salts are anhydrous. All an^ int(‘ns<‘ly 
blue in colour, and their solutions in water arc less stable than t he |>ras(‘(>- 
salts. Even at 0° C. the solutions rapidly change to naldish N'iolel, (hu^ 
to formation of chloro-aquo-salts. If suspended in concentrat (‘d hydro- 
chloric acid the chloride is converted into the })raseo-salt. 

Dibromo-tetrammino-cobaltic Salts, |Co(Nl{3)4lb ;,|K. Again 
there are two series of salts, praseo-salts and violco-saUs, or the 1 <)-st.‘ri(‘s 

and the 1-, 2-series. 

1-, 6 -Dibromo-tetrammino-cobaltic Bromide, [(VdNlI.Jj Hi ol 
Br, is prepared from carboiiato-tetrainniino-cobaltic bronnhk^ by acting 
upon it with fuming hydrobromic acid, when the following rcaiction 
takes place : — 

[Co(NH3)4C03]Br+2lIBr >[Co(Nn3)4Br2]Br I 

The substance is a green amorphous solid. 

The corresponding chloride, [Co(Nir3)4Br2|(1.n20, is prodmaal 
by treating the bromide with concentrated hydroc'hlorie acid. It 
crystallises in green prismatic needles which are s()hil)l(‘ in wah‘r and 
quickly hydrolyse in solution at ordinary teinperatun*, with Ibrinalion 
of the aquo-salt. 

The iodide, [Co (Nil 3)^11* 2]!, may be ])repare{l from th(‘ <*hIoi‘id(^ 
by treating it with potassium iodide. It crystallises in gixa'iiish-brown 
needles. 

Dibromo-tetrammino-cobaltic Sulphate, [C ()(NH;j).iBr2|2S() ,, 
may be obtained, as well as the acid sulphate. ^ All the salis andlluar 
derivatives are green in colour, and all dcconq)osc in solution wilh 
formation of aquo- and diaquo-salts. 

The video- or 1-, 2-dibromo-tetrammino-coba.ltic salts may be j>r<‘- 
pared by methods similar to those used for the correspondmg 1~, 2- 
dichloro-salts. 

1-, 2-Dibromo-tetrammino-cobaltic Nitrate, [C <)(NlI.j) |Br.,| 
NO3, 1-, 2-dibromo-tetrammino-cobaltic sulphate, [Co(NH.3)4Bro|.> 
SO4, and 1 -, 2-dibromo-tetrammino-cobaltic dithi'onatV, 

^ Werner and Wolberg, Ber., 1905, 38, 992. 
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[Co (NH 3 ) 4 Br 2 ] 2 S 2 O 6 , have been prepared. All possess an intense violet- 
blue colour. 

Dinitro-tetrammino-cobaltic Salts, [Co(NH 3 ) 4 (N 02 ) 2 ]B. — Two 
series of salts of this composition are known, the croceo- salts and the 
flavO" salts. The two are isomeric, and differ in colour and in method 
of preparation. They correspond to the isomeric series already described, 
the croceo-salts being the 1 -, 6 -, or trans-senes, and the flavo-salts the 
1 “, 2 -, or c^’ 5 -series. 

1“, 6-DinitrO“tetrammino-cobaltic Salts, Croceo -cobaltic Salts. 

Trans-series, 

1-, 6 -Dinitro-tetrammino-cobaltic Nitrate, Croceo -cobaltic 
Nitrate, [Co(NIT 3 ) 4 (N 02 ) 2 ]N 03 , is formed when an aqueous solution 
of 1 -, 6 - dinitro-tetrammino-cobaltic sulphate is decomposed by the 
calculated quantity of barium nitrate.^ It crystallises in orange-yellow 
needles or prisms, is slightly soluble in cold, and soluble in hot, water. 

1 -, 6 -Dinitro-tetrammino-cobaltic Sulphate, [Co(NIT 3 ) 4 (N 02 ) 2]2 
SO 4 , is prepared by the action of ammonia and potassium nitrite on 
an aqueous solution of cobaltous sulphate, or from nitro-pentammino- 
cobaltic chloride by mixing it with water and sodium nitrite and de- 
composing the mixture by the gradual addition of 80 per cent, acetic 
acid. The precipitated irari^-dinitro-tetrammino-cobaltic nitrite is dis- 
solved in hot water and treated with ammonium-sulphate solution; 
after standing, a crystalline body separates which is filtered olf and 
washed with water and finally with alcohol. The salt crystallises from 
water containing a little sulphuric acid in glistening reddish-yellow 
scales. It is less soluble than the nitrate, and on heating with hydro- 
chloric acid is transformed into chloro-pentammino-cobaltic chloride.^ 

1-, 6-Dimtro-tetrammino-cobaltic Chloride, [Co(NH3)4(N02)2] 
Cl, is obtained from the sulphate by treating it with barium chloride, or 
by heating a solution of dichloro-tetrammino-cobaltic chloride in dilute 
acetic acid with sodium nitrite.^ It is soluble in water, and separates 
from solution in reddish-yellow rhombic crystals. The aqueous solution, 
however, decomposes on standing. If a cold aqueous solution be treated 
with dilute nitric acid the nitrate separates ; concentrated hydro- 
chloric acid decomposes the salt with formation of the chloro-nitro- 
chloride, [Co{NH 3 ) 4 (N 02 )C 1 ]C 1 ." 

The chloroplatinate, [Co(NIl 3 ) 4 (N 02 ) 2 ] 2 PfCl 6 ^ is obtained by the 
addition of sodium chloro])latinatc to an aqueous solution of the nitrate 
of the series. It separates in orange-brown prismatic crystals which 
arc readily decomposed and therefore not easily crystallised without 
decomposition. 

1-, 2-Dinitro-tetrammino-cobaltic Salts, Flavo -cobaltic Salts. 

Cis-series. 

1-, 2-Dinitro-tetrammino-cobaltic Nitrate, [Co(NH3)4(N02)2] 
NO 3, is prepared from carbonato-tetrammino-cobaltic nitrate by dis- 

^ Jorgensen, Zeitsch. anorg, Ghem., 1894, 5? 1^>L 
“ Jorgensen, ibid., 1898, 17 , 472. 

Werner, ibid., 1895, 8 , 182 ; Jorgensen, ibid., 1896, ii, 430. 
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solving it in water and nitric acid, adding sodium nitrite, and warming 
the mixture until it becomes deep brown in colour. It is then cooled, 
nitric acid added, and allowed to stand for several hours, when a pre- 
cipitate of acid and neutral dinitro-tetrammino-cobaltic nitrate is 
formed. This is collected and washed with dilute nitric acid and then 
with 95 per cent, alcohol, when the acid salt passes into tlie neutral salt. 
The crude product is recrystallised from hot water containing a little 
acetic acid. It crystallises in yellowish-brown thick prisms, which are 
more soluble in water than the trans-sdlt, into which it may be converted 
through the nitro-pentammino-salt.^ 

Acid dinitro - tetr ammino - cobaltic Nitrate , [Co (NH 3 ) 4 (NO ) 2] 
NO3.HNO3. — This compound is the first-formed product in the above 
reaction. It may be obtained by treating the normal nitrate with water 
and nitric acid. It forms glistening yellow-brown microsco])ic plates, 
and is decomposed by alcohol with formation of the normal nitrate. 

l-, 2 “Dinitro-tetrammino-cobaltic Sulphate, [Co(NIl3)4(N03)2l2 
SO4, is formed from the nitrate by treating it with water and a solution 
of ammonium sulphate. The sulphate is precipitated, washed with water, 
and recrystallised from hot water containing acetic acid. 

The chloride, [Co(NH3)4(N02)2]Cl, is formed in the same way by 
the addition of ammonium chloride. It crystallises in dull yellow 
rectangular plates or in needles which are very soluble in Avater. It 
may also be prepared from chloro-aquo-tetrammino-cobaltic chloride 
by treating it with sodium nitrite and acetic acid. 

TetramminO’-salts containing One Acidic Group in the Coniplex. 

Tetrammino-salts are also known in which a divalent acidic radicle 
takes the place of two monovalent acidic radicles in the dia,(‘i(l()-lct.i*a.iti- 
mino-series, giving rise to m-compounds such as the carbonato-tetram- 
mino- and the oxalato-tetrammino-cobaltic salts. 

Carbonate -tetrammino- cobaltic Salts, [Co(NIl3)4C03|R. The 
examination of this series has been valuable in tlie investigation of 
stereo-isomerism in the cobalt-ammines. It is well known that one of 
the methods by Avhich the configuration of organic isomers is detcnaniiual 
depends on the property of the ci6-forms to yield ring compounds or to 
be derived by the breaking down of ring compounds. Among inorganic 
isomers, therefore, similar differences were suggested by Wcamer. Jt 
has been proved that the formation of a ring in inorganic complex(‘s 
obeys the same laws that apparently control their formation in carbon 
and nitrogen organic compounds. Hence it is su])poscd that in the 
carbonato-complexes, where the carbonato-group occupies two co- 
ordinate positions in the octahedron, there must be ring formation giving 
a complex of the type ' ■ 

where the oxygen atoms directly linked to the metal are in the eix- 
position rather than in the irans-position, as such linking seems unlikely 
between two spatially separated positions thus : 


^ Jorgensen, Zeitsch. anorg. Chem,, 1894, 5, 162 ; 1898, 17, 473. 
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The 6’W“position is assigned to the carbonate -series, and this seems to 
be supported by the experimental evidence. Only one series of salts 
has been prepared, and these salts have been used in the determination 
of the configuration of the diacido-tetrammino-cobaltic salts. Thus, 
carbonato-tetrammino-cobaltic salts when treated with acid and sodium 
nitrite yield a^-dinitro-tetrammino-salts. The reaction may be formu- 
lated : 


(NH3)4Co< >C0 


R+HNOg 


(NH3)4Co 


\ 


/NOgCi)- 

NO,(2)j 


R. 


From these salts and from other series of salts where ring formation 
takes place, such as the oxalato-salts and the diol-dicobaltic salts, the 
configuration of the m-salts has been deduced. 

Carbonato-tetrammino-cobaltic Sulphate, [Co(NH3)4C03]2S04. 
3H2O. — The compound was first prepared by Vortmann in 1877, and 
later examined by him.^ It is prepared by dissolving cobaltous car- 
bonate in the calculated quantity of warm dilute sulphuric acid and 
pouring the liquid into concentrated aqueous ammonia and ammonium- 
carbonate solution. It is then oxidised by leading air through it for 
two to three hours and the solution concentrated on a water-bath with 
frequent additions of ammonium carbonate. The cobaltic oxide formed 
is removed from the solution and the filtrate still further concentrated. 
On cooling, crystals of the sulphate separate. The salt crystallises in 
beautiful l)rownish-red quadratic prisms. It is soluble in dilute sulphuric 
acid, with evolution of carbon dioxide and formation of diaquo-tetram- 
mino-cobaltic sulphate, [Co(NH3)4(H20)2]2(S04)3. It is sparingly 
soluble in cold water, and on standing over sulphuric acid the crystals 
lose water. “ 

Carbonato-tetrammino-cobaltic Nitrate, [Co(NH3)4C03]N03. 
PI2O, is prepared in the same way as the sulphate by the action of 
nitric acid on cobaltous carbonate. It crystallises in glistening carmine- 
red rhombic plates and dissolves in water, giving a deep red solution. 
The crystals lose water at 100° C., but take up water again on standing 
in air. 

The chloride, [Co(NIT3)4C03]Cl, crystallises in rhombic plates 
which resemble the nitrate. The iodide, [Co(NH3)4C03]I, is prepared 
in similar manner, using hydriodic acid to decompose the cobaltous 
carbonate. It forms brownish-violet needles which are sparingly soluble 
in water. 

1 Vortmann, Ber., 1877, 10 , 1457 ; 1889, 22 , 2650. 

- Jorgensen, Zeitsch. anorg. Chem., 1892, 2 , 281. 
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The carbonate, [Co(NH3)4C03]2C03.3H20, is obtained from the 
iodide by rubbing it with freshly j^recipitated silver carbonate and a 
little water. The filtrate, after removal of silver iodide, is gradually 
treated with three volumes of alcohol, and the precipitate formed is 
washed with alcohol. It crystallises in red microseo])ic leaflets ])elonging 
to the rhombic system. The substance is soluble in water, the solution 
obtained being alkaline in reaction. It loses Avater over sulphuric acid 
but regains it on standing in air. If heated to 100° C. it decomposes, 
and only one-third of the carbon dioxide is precipitated by cold aqueous 
calcium chloride. 

Oxalato-tetrammino-cobaltic Salts, [Co(NH3)j(C20,i)]R. — These 
salts are analogous to the carbonato-salts, and were first described by 
Jorgensen in 1894. 

Oxalato-tetrammino-cobaltic Chloride, [Co(NIl3),(C204)]Cl, is 
prepared by dissolving chlorb-aquo-tetrammino-cobaltic eliloride in an 
aqueous solution of oxalic acid and heating the mixture for some time. 
The oxalato-compound gradually crystallises from the warm solution, 
and the crystals are collected and washed on the filter with alcohol until 
the filtrate is free from chlorine and from oxalic acid. It crystallises in 
carmine-red six-sided plates ; if dissolved in concentratcAl sul[)]mri(! 
acid and concentrated hydrochloric acid is added to tlic licpiid, it is trans- 
formed into dichloro-tetrammino-cobaltic chloride. Sodium nilriti^ and 
acetic acid convert it into dinitro-tetrammino-cobaltic chloridii.^ 

The bromide, [Co(NH3)4(C204)]Br, is obtained from tlu^ chloride by 
treating a saturated aqueous solution with excess of hydrobromic; a,(*id 
and precipitating the salt from solution with alciohol. 

The sulphate, [00(^13)4(0204)12804.21120, is form(‘(l when an aipieous 
solution of the chloride is treated with dilute sulpliurict acid. It may b(‘ 
precipitated from solution by means of alcohol, and separatees in micro- 
scopic red plates which arc sparingly soluble in water. 

The oxalate, [Co(NH3)4(C204)]2(C20.i), is also pn^jiared from iiie 
chloride by warming it with water and ammonia, until i(. dissoh’cs, and 
then adding oxalic acid. On cooling, the salt erystallisc's iti glist(ming 
reddish-violet plates. 

(c) Biacido-dietliylenediamino-cobaM Salts, [Oo (n2H 2|H. 

Dichloro-diethylenediamino-cobaltic Salts, |Oo This 

series of salts exists in isomeric forms, th(^ c/.v-s(‘ries and (Ik* Irau.s-sevies, 
Jorgensen, in 1889, prepared grccai salts of composit ion | (’o 
and showed their analogy to the tetra,mmi no-sal Is. in {h(‘ following 
year he described a violet salt, and j/roved it to 1)(* isom(‘rie with tlu; 
green salts. Werner, in 1901,-tshowed that th(‘ sails wen* sl(U‘<‘(»n’som(‘rs, 
and that the green salts belonged to the frmis- or 1-, (i-serit's, and the 
violet salts to the (vls- or 1-, 2-scrics. 

Cis- or 1-, '2-Salfs. 

1-, 2-Dichloro-diethylenediamino-cobaltic Chloride, [CVicuo 
ClaJCl, is formed from the f?Y/.//.9-salt ])y evaporating a solution of the 
salt at 100° C. till the weight is constant. The (‘hang(‘ is almost (*om- 

^ Jorgensen, ZpAMi. anorfj. Chon.., I SOU, ii, li?!). 

- Jorgensen, J. 'pralct. Chon., IRSO, 39 , U) ; ’lS9(), 41 , -MS. 

^ Werner, Ber., 1901, 34 , 1705. 
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plete, but the salt is further purified by treating it with small quantities 
of cold water in which the trans-solt is more easily soluble than the 
m-salt. The treatment is continued until the solution is violet in colour, 
and the residue is then washed with alcohol and dried in air. The 
compound is obtained as a dull violet-coloured ]iowdcr containing one 
molecule of water, which is lost on heating to 100° C. and regained on 
exposure to moist air. It dissolves in water, forming a violet -coloured 
solution, and may be precipitated from aqueous solution with alcohol 
and ether in microscopic needles which contain no water and which, 
on exposure, absorb very little moisture. If a solution in dilute hydro- 
chloric acid be evaporated the trans-s£i\t is re-formed. 

1-, 2-Dichloro-diethylenediatnino-cobaltic Nitrate, [Co eiigClg] 
NO 3, is prepared by treating a solution of the chloride with an equal 
volume of cold dilute nitric acid, the mixture being stirred constantly 
during the addition of the acid. The precipitate is collected and washed 
several times with nitric acid and finally with alcohol. The salt is 
obtained in small violet prisms which are sparingly soluble in water. 
If the cold solution in water is treated with chloroplatinic acid a pre- 
cipitate of the chloro2olatinate, [Co en2Cl2]2l^tCl6, is produced. This 
compound is almost insoluble in water and insoluble in alcohol. It 
crystallises in violet, microscopic, star-like crystals. 

Silver nitrate docs not precipitate tlic chlorine in dichloro-diethylenc- 
diamino-cobaltic nitrate in cold aqueous sohvtion, but on standing or 
on heating silver chloride is slowly formed. 


. Trans- or I-, (\-SaUs. 

1-, 6-Dichloro-diethylenediamino-cobaltic Chloride, Praseo- 
salt, [C'o cnoCI 2|Ch is ohtained from the acid chloride of tlic series, 
[Co cnoCLjICl.nCl, by washing the acid salt with a, mixture of alcohol 
and ctlun* or l)y lu‘ating it to 100° C. It crystallises in dark green 
eight-sided prisms, is si igliily soluble in water, and decomposes in solution 
on heating or long sianditig. Fairly strong hydrochloric acid transforms 
it again into llu^ a.(*i(l chloride. Sodium nitrite reacts with the salt, 

f( ) r m i n g e /.S’- c ill ( ) ro - n i t , n ) -s alt. ^ 

The arid chloride, |C() enoCHo 101.11(1.21120, is formed by mixing a 
• solution of eoliatlous chloride with a.n acjueous solution ot ethylene- 
diainiiu^ monohydrat(‘ and oxidising the mixture with air. Cbnecaitratcd 
hydroc'liloric. acid is tluai added a,nd the whohi h(‘at(‘d on a water-hath 
for onc^ hour. 'riK‘ li(juid is a.llow(‘d to stand, when crystals separate, 
and arc liltered and wasiu^d with <*onc(‘ntra teal hydrochloric, acid.- The 
sji.lt erysl.jillis<‘s in djirk green rhombic ])hit(‘s. It is solnlile in watca*, 
though lc‘ss solubh^ tluin tlut nornuil sjilt, <ind on iK^jiting to 100° C. is 
tninsformed iido l\\c normjil salt. 

1-, 6-Diciiloro-diethylenediamino-cobaltic Nitrate, [Co enoClo] 
NO3, is pr(‘cipitat{‘d jilmost coin|)letcly from ji solution of tlu‘ (liloride 
by nitri(‘, jicid. T1 k‘ prcic.ipitjite is collected, waslual with Jicid jvnd then 
with Jih'ohol. It is sjairingly soluble in water, and if lu^jited with water 
l‘or some time giv(\s Ji violet solution. 

Tile c*orr(‘spon(ling diehloro-tetra.j)yridino-eobaltie salts, [Co py^Ch^lH, 
have Jilso beem ]>repared. These Jire analogous to the /mn.v-tetra.mmino- 
series. All are green crystjilline salts.^ 

' VVc^riK'r and (i(',rl), Her., 1901, 34 , 

^ Wernor and Fcnisira, ihid., 190(1, 39 , 1543. 


Wo.rnor, ihid., 1901, 34 , 1733. 
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(d) Diacido-aquo-triammino-cohaltic Salts, [Co(NH 3 ) 3 H 20 .R 2 l^^* 

Aquo-salts of the dichloro-series are known. These appear to ex is f 
in isomeric forms. The constitution of the salts was })ro\'ed })y WhaMua* 

and Jorgensen.^ . 

Dichloro - aquo - triammino - cobaltic Chloride (Dichro » 
chloride), [Co(NH3)3H20.Cl2]Cl, may be prepared irom truiitrato-tri- 
ammine cobalt by treatment with concentrated sulphuric acid and sub- 
sequent treatment with concentrated hydrochloric acid, or from trinitro- 
triammino-cobalt on treatment with concentrated hydrochloric acid.- 

It forms glistening crystals of deep green colour. Under the micro- 
scope they are dichroic, and appear to crystallise in pointed hexagonal 
prisms. The salt is soluble in water, yielding a green solution whi(*li 
changes later to violet. On warming with ammonia, aciuo-pentammino- 
cpbaltic chloride is produced. 

A chloride of the same composition, but grey in C‘olour, is produc'cai 
from chloro-diaquo-triammino-cobaltic sulphate by rubbing it with 
concentrated hydrochloric acid. This salt is a grey })owdcr whi<*h 
dissolves in water, giving a blue solution which cpiic'kly eharig(‘s to 
violet. Nitric acid converts it into the nitrate, whicdi is light green in 
colour, and with hydrochloric acid and sul])liuric acid it yields tlu^ saim* 
derivatives as the green dichloridc. It is not, howevtnx idcMitieal wit h the 
green salt, and is probably a sterco-isomcr. 

The nitrate, [Co(NH3)3li20.Cl2]N03, is a greyish -gnm crystalline 
powder showing again dichroic properties. It may b(^ obtained in 
quadratic plates, and is soluble in water. 

An acid sulphate, [Co(NIl 3 ) 3 ir 20 .Cl 2 l^^^ 4 lh is also known. It is 
prepared from the chloride of the series. It ervstallis<‘s in short prisms 
which are almost black in colour. It is easily sohiblt^ in wat(‘r and tlu‘ 
solution is acid in reaction. 

(e) Diacido-diaquo-diarnmino-cohalt'W Salts, |Co(NI I 

These salts resemble closely the s<dts just d(‘serib<Ml. Th(‘ ehlorid<‘ 
of the series exists, like dichloro-a(|uo-tria.mmino-eo} )all ie ehlorhlc, in 
two stereo -isomeric forms. 

Dichloro - diaquo - diammino - cobaltic Chloride, IColXII.j):; 
(H20)2Cl2]Cl, is prepared from j)ota.ssium Uh ranitro-diammin(‘ eohall* 
[Co(NH 3)2(N02)4]K, by mixing it with c*oneentrat(‘(f sulphuric^ anid, 
cooling, and decomposing the sulphate with conccmtrafcd hvalrochloric 
acid. It crystallises in light green dichroic fi(‘(xil(‘s. 

A blue modification is obtained wlum ehloro-t ria<{uo-diammino“ 
cobaltic sulphate, [00(^13)2(1120)301 |vS().j, is rubb(‘d with concentrated 
hydrochloric acid. The salt is green, but on solution in water yichis a, 
blue liquid, whilst the first chloride described givt‘s a greem licjunl.** 

4. COBALT-AMMINES CONSTSTINCJ OF A NON- 1 ) I SSOCI A H LI'. (’O.MIUJ'X 

[0o(NIl3)3R3]. 

This group of compounds is eharactcriscai })v the ra<‘t that it is not 
ionised in solution. In 18 GG Erdmann ])r(‘panal a conq^ound to which 

^ Werner, Zeitsch. ernovg. Ghe))i>., ISOa, 8, Hi I ; ihift., ISUT 14 41 H 

- Jorgensen, 1898, 17, 475. *' * t. • 

^ Werner, ibid., 1897, 15, 172. 

Erdmann, J. prakl. Ghem., 1866, 97, 412. 
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he gave the composition Co2(NH3)6(N02)6) and the name hexammino- 
cobalt nitrite. Gibbs, in 1875, showed that the compound did not give 
the reactions of the hexammino-, pentammino-, or even tetrammino- 
salts. ^ In 1894 Jorgensen^ not only prepared the compound by other 
methods, but also several substances of the same type. Controversy 
arose regarding the constitution of these bodies, which lasted over some 
years, until Werner succeeded in proving that the compounds contain 
equal numbers of basic and acidic radicles symmetrically disposed around 
the central metallic atom. He assumed that the acidic and ammino- 
groups are directly linked to the central atom, and the observation is 
supported by the properties of the compounds. For example, trinitro- 
triammino-cobalt, [Co(NH3)3(N02)3], maybe crystallised from hot water 
containing acetic acid without liberation of nitrous acid, nor is the sub- 
stance attacked by cold dilute mineral acids. The argument is further 
supported by determination of the molecular conductivities of different 
cobalt-ammines. Thus, determining the conductivities of the hex- 
ammino-cobaltic chloride, pentammino-nitro-cobaltic chloride, dinitro- 
tetrammino-cobaltic chloride, and trinitro-triammino-cobalt, the results 
shown in the following scheme were obtained : — 



The trinitro-triammine cobalt has practically no conductivity.^ 
Werner’s theory is further supported by the fact that by the intro- 
duction of a fourth molecule of ammonia into the triacido-triammine 
compound the solution becomes once more conducting, as one (NO 2) 
group is displaced from the co-ordination complex. The cobalt-ammino- 
compounds, therefore, containing fewer than three ammino-radicles, 
contain non-ionisable acidic radicle, and those containing more than 
three contain ionisable acidic radicles. The generalisation made in connec- 
tion with the triammino-compounds led, therefore, to the establishment 
of the constitution of other ammino-derivatives, and also to the consti- 
tution of some of the ammino-salts of divalent and tetravalent metals. 

Many examples of the triacido-triammine cobalt series are known, and 
isomerism occurs in the group. 

1 Gibbs, Ptoc. Amer. Acad., 1875, 10 , 14. 

- Jorgensen, Zeitsch. anorg. Chem., 1894, 5> 192 ; 1894, J, 302. 

^ Werner and Miolati, Zeitsch. physikal. Chem., 1893, 12 , 48 ; 1896, 21 , 227. 

VOL. X. 
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Trinitro-triammino -cobalt, [Co(NH3)3{N02)3]5 was the first 
member of the series prepared. It is best prepared by ti eating a solution 
of cobaltous chloride with an ammoiiiacal solution of sodium nitrite 
and oxidising the mixture by means of air. Ihe liquid after oxidation is 
allowed to stand for some days, when crystals separate ; these are filtered 
and washed with cold water to free them from chloride, and dissolved in 
hot water containing a little acetic acid. On cooling the acid liquid 
trinitro-triammine cobalt separates out, and later, from the same solution, 
the double salt, [Co(NH3)4(N02)2][Co(NH3)o(N02),], separates.^ 

The crude substance is then recrystallised from water containing 
acetic acid. The compound was originally believed to exist in two 
isomeric forms, but Jorgensen found the crystalline form depends on 
the concentration of acetic acid used for crystallisation, inasmuch as 
rhombic leaflets separate from hot dilute acetic acid, and from hot con- 
centrated acid the substance separates in ycllow-ljrown needles. Tlie 
complex is sparingly soluble in water, and gives no precipitate in acpieous 
solution with silver nitrate or potassium chromate. If treated with 
cold hydrochloric acid it is transformed into cliloro-dinitro-triammino 
cobalt, [Co(NH 3)3(N02)2C1], and if warmed with concentrated hydro- 
chloric acid gives dichloro-aquo-triammino-cobaltic chloride. 

Trinitrato-triammino- cobalt, [Co(NIl3)3(N03)3], is produced by 
passing air for thirty-six hours through an aqueous solution of cobaltous 
nitrate containing ammonia and ammonium nitrate. The liquid is then 
evaporated until there is no evolution of ammonia, nitric acid in the 
proportions of one volume of concentrated acid to two volumes of water 
is added, and the precipitate of anh^ulroxy-cobaltate nitrate, [CooOj, 
(NH3 )io(N 03)5], removed by filtration. The filtrates is again evaporated 
and any aquo-pentammino-cobaltic nitrate; formed is thus transformed 
into nitrato-pentammino-cobaltic nitrate, which is ])r(‘cipitated on cool- 
ing the solution. The violet filtrate is thereafter evajiorated almost to 
dryness, when trinitrato-triaramino-cobalt se])a rates as a, violet powder. 
The substance crystallises in red-violet prisms which an; insolulik; in 
cold water. If the aqueous solution be left to stand for s(;v(‘ral hours, 
or if warmed, it is gradually transformed into a, solution of lria.{|uo- 
triammino-cobaltic nitrate, [Co (NH3 ) 3( 1 1 of ) ) 3 1 ( N f ) 3 ) 3. “ 

Oxalato -nitro -triammino -cobalt , [Co ( N H 3 ) 3 (( oO ) ( N C) o ) |, is 
prepared from oxalato-aquo-triammino-colialtic nilrat(;, [(’o(I\dl3)3 
C204.H20]N03, by treating the warm a([U(‘ous solution with a(*eti(; 
acid and sodium nitrite. TJic precipitate; fonn<‘d is liit(;r(‘d, waslual, 
and finally rubbed with dilute sulphuric acid nidi! no inor(‘ nitrous 
acid is evolved. It is then collected and washed lVc‘(; from acid with 
water and alcohol. It crystallises in' brick-rc'd shining scal(‘s which an; 
almost insoluble in water. ^ 

Tschugaeff ^ prepared a dimethylglyoxinu; dmlvativa; of this seri(‘s, 
chloro-ammino-dimethylglyoxime-colmit, | Co(NH 3 )( 1 lol 1 2)f I (w'h{;r(; 
D2H2 represents two molecules of dimethylgly<)xim(‘), from chloro- 
pentammino-cobaltic chloride and dimethylglyoxime. It cr\^staliis(‘s 
in dark-brown needles or prisms, is stable towards acids and alkali, and 
forms a non-conducting solution. Tlic corresponding nitro-comjiound, 

^ Jorgensen, Zeitsch. anorg. Chem.., 181)7, 13, I7r> ; 17, 47"). 

2 Jorgensen, ibid., 1895, 5, 185. 

2 Werner, ibid., 1897, 15, 164. 

^ Tschugaeflf, Ber., 1906, 39, 2694. 
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[Co(NH3)(D2H2)(N02)]j been prepared. It separates from hot 

water in small yellow-brown prisms and the iiitro-oToup is un-ionised. 


i 5 . COBALT -AMMINES CONTAINING MONOVALENT ANION, [C0A2II4]'. 

Tetra-acido-diaynmino-series, [Co (NH 3 ) gRJM. 

Erdmann,^ in 1866 , prepared the first member of this series, namely, 
ammonium tetranitr ito - diammino - cobaltate , [Co (NH 3 ) 2(NO 2 ) J 
NH4. The salt is sometimes referred to as ‘‘ Erdmann’s salt ” on that 
account. Later, Gibbs prepared other salts of the same type, and 
showed that in these salts the cobalt atom, united with ammonia and 
acidic radicles, forms a negative radicle. ^ Werner then showed that 
these salts form the connecting link between the neutral un-ionised 
complex triacido-triammino-cobalt compounds and the double salt, 
such as potassium cobalti-nitrite. Thus, by replacement of ammonia 
molecules by acid radicles a transition takes place from trinitrito- 
triammino - cobalt to potassium tetranitrito - diammino - cobaltate, 
[Co(NH 3)2(N02)4]K, then to potassium pentanitrito-ammino-cobaltatc, 
[Co(NH 3)(N02)5]K, and finally to hexanitrito-cobaltate, [Co(N02)6]Eo. 
Tetra-acido-diammino-cobaltates are therefore the salts of the acid 
tetra-acido-diammino-cobaltic acid, [Co(NH3)2R4]H. 


TetranitritO’‘diam 7 nino-salts, [Co (NH 3 ) 2(^0 2) 4]M. 

Ammonium Tetranitrito - diammino - cobaltate, [Co(NH3)2 
(N02)4]NH4, is prepared from cobaltous chloride by mixing an aqueous 
solution of the salt with aqueous ammonium-chloride solution, sodium 
nitrite, and ammonia, and oxidising the mixture by passing air through 
it for several hours. The solution is allowed to stand in air for some 
days, when crystals gradually separate. These are collected, washed, 
and recrystallised from water.^ The substance crystallises in brown 
rhombic prisms. It is decomposed on treatment with potassium 
liydroxide with evolution of ammonia, and a cold solution reacts with 
ammonia in presence of ammonium salts, with formation of flavo-dinitro 
double salts, of which [Co(NH3)4(N02)2][Co(NH 3)2(N02)4] is typical. 
Oxalic acid transforms it into the oxalato-dinitrito-diammino-salt, 
[Co(NH3)2(N02)2(C204)]NH4, 

Potassium Tetranitrito - diammino - cobaltate, [Co(NH 3)2 
(N02)4]K. — The salt is produced by treating cobaltous chloride with 
excess of ammonium chloride and potassium nitrite, and warming the 
liquid to 50 ° C. It is then allowed to stand at low temperature for 
several hours, when crystals separate. They are dissolved in boiling 
water, filtered and cooled, when lustrous brown rhombic crystals 
separate. The salt may be obtained from the ammonium salt by treat- 
ing a warm aqueous solution with potassium acetate. 

The dichloro - tetra - aquo - chromic salt, [Co(NH 3)2(N02)4] 
[Cr(H20)4Cl2].2H20, is formed when the ammonium salt is mixed with 
<rreen chromic chloride in water, the reaction being represented thus : 


lCo(NH3)2(N02)4]NH4+CrCl3.6H20 

-^[Co(NH3)3(N03)4][Cr(H30)4C4].2H30+NH4Cl. 


^ Erdmann, J. praJct. Chem., 1866, 97 , 410. 

“ Gibbs, Proc. Amer. Acad., 1875, 10 , 10. 

^ Jorgensen, Zeitsch. anorg. Chem., 1898, 17 , 477. 
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Cliromic broniide rcaHs in th<* snini* \vas\ yit-hlinu' flu' (lijiroiuo- 
tetraqiio-cliromic salt, |CV>(N1L/).(NA). } j|| ('re Tl ..( ) ) jlir I J and licx- 
ammino-(*oI)alti(‘ chlnridr forms tiu^ (ioiiblr !(’()( \|| ) /V/) \ i 

[Co(NH,),]. ‘ 

A lari^^e number ol double salts oi' this scries are therefore possible* 
as also a iuiml)er of salts w]K‘r(‘ om* or m<»re nit rif o-oroups in t he* eomolex 
is replaced ])y other acidic radicles. 

6. COBAI/r SALTS CONTAIXINc; TKIVALUXT ANlo\\ [(oH,.)'". 

These arc not, strictly speaking’, meni!)ers of (he tnet al-ammim/s 
inasmuch as all ammonia is replact-d by acid yroups, but th(‘v arc 
the ultimate coinj)lex com|)ounds arrived at in the systeinatie r(‘plac(*- 
ment of ammonia, and must therefore lx* hriedy dis(*uUed at this shea* 
The l)cst known of these* (‘ompounds is potassium cohalti-nitrrte 
[Co(NOo),j|K;j.^ This salt was orimnally regarded as a douIOe salt of 
co])altie nitrite* witli jxdassium nitrite*, an<l represtaifed bv the formula 
Co(NOo);j..‘ 5 KN()o. Such a formula, }iow«*\er, dors not Vepn*sen( 
reactions of the su])stane{*, as the nitrite ra<iiele is held firmlw and 
nitrous acid is not Iib(*rate*d when tin* eompouinl is treat(*d wiili cold 
dilute acids, as it would lx* if it were a doulOe salt as tin* formula iinlieai(*s 
Molecular conductivity m<*asuremeiits also indieafr that it is a eon}ph‘x 
salt eoinpara])l(‘ with the* me'tal-ammines. ^!any e*ompounds e»f eohall 
of this ty])e are* known. 'I'hey may he n-uirdrd as the salts oj‘ Ha* 
complex acid he‘.\anif rito-eo]>ai’tie aenh j ( ’(O jH .. 

Otlu‘r acid radicle's may be nnited with eol^alt in the eomidex • 
for instance*, |)otassinm eohaiti-eyanide*. i(Air\r.lK ., and ixatassinm 
cohidti-oxalate*, |( 

B. Polynuclear Cotialt-animines. 

These componnds eemfain two or more e(. half atoms in the m(»le(*ul(* 
link(*<i toi»et{ier I )y oxygen, amino or hy«in j\ \ j -tn aip., or b\ mon* titan 
one of tlu'se* croups. 

(’ompounds helonyiny to this e*la.s <!{’ eompjrx amminrs ha\«* het-n 
known fora lone time. 11ie ox\ -eohalt -ammint > .aif prodiierfl hv the 
action o{' air on an ammonia soiutitm of eohaltMU , ,alh urn* prod’need 
about I.S.7L^• and later, (hhlis and \‘ort matm - r xamiin d thrsr eoiii 
pounds, hut did not sne(*eed in explaining t htar rntisf p jit am. In ISUs 
\V(‘rner and Mylius ^ examined the nitrair of Utr .mrs and sfn.ued it 
to lx* an oxyn'oiKiit^ammine in ultieh tu.»miolrrul. . jhuI anmiifne 
eoltaltie salt are linked locether h> ow-m iV (MinT mnnhrrs <,1* fhe 
series weir prepared later, and in P.Uu Ue rnrr • piihij h-d .a sumniar\ 
of the in\'estications into the roust it uf n ,n of f ijr prkniiejrar <*of»an*- 
aJumiiH's, and also deserihed thi- preparation and pi'nprff it orsr\rral 
eompoiimis no! he'tbn* pr<-pared. 

It has h(‘c*n pro\e*d that in (h«»se <*ompount!, eo}»alt atoms are ne\er 
linked din‘(‘[Iy to mie another, hut alua>s throm-h amino-, 

' Kor furt hrr ..f thi .ilf \..l. I\.. {*.,■;! I,,, j fs-, .. H' 

'*■' //xV/,, j>p, (»n, tin. 

(Jihtis, /VY>r. Annr. AniA., IsTd, iq Ms ; \ ^ l/'.oC f., ja{ 

WVrncr aiifi .Mylius, /oV rA. xxor-/. ( h, h-., lsl»S, i6 ' ' ’ 

*' WVrncr, Aiin<ilt'?n I DU), 375, I. 
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)-, or hy dr 0X0 -groups. The polynuclear cobalt- ammines are 
iied, first, by the number of cobalt atoms in the molecule, and, 
er, by the number of bridged linkages in the complex. It is found 
oxygen of a hydroxyl group linked to cobalt is capable of uniting 

H 

another cobalt atom, giving rise to the linkage, Co — O Co. 

le same way an amino-group linked to cobalt is able to attract to 

another cobalt atom giving rise to the linkage, Co — N Co. 

type of linking seems to be very firm, and gives rise to the poly- 
ar compounds of cobalt. Further, an oxygen molecule may form 
onnecting link, in which case the peroxo-compounds are produced, 
he substances are conveniently classified by the number of cobalt 
s in the molecule into (1) dicobalt-ammines, (2) tricobalt-ammines, 
stracobalt-ammines . 

[ass (1) is further subdivided into: 

i) Compounds with one bridged linkage, represented by the general 
jla Co — X — Co (where X represents (NHg) or Og). 

') Compounds with two bridged linkages, represented by the 

/X\ 

al formula Co<( /Co, where X represents (OFI) or NHg, and 

Xy/ 

.mi, 

Haj (OH), Og, NOq; and by the formula Co<^ yCo, where 
)resents (SO 4 ) or (C 2 O 4 ). 

) Compounds with three bridged linkages, represented by the 
al formula 


o/OH 

\x 


/0H\ /OH / 

Co or Co/OH/Co or Co/NOa/Co. 

\Y / \N0/ 


ass (2) is subdivided into : 

) Compounds with four bridged linkages, 
al formula 

Co/®''Xco<;°“>Co. 
^01-1/ ^OH/ 


represented by the 


) Compounds with six bridges, represented by the formula 

/OIF /OFF 
Co^OH-XCo^OH-^Co, 

\oh/ xohx 


: least twenty different cobalt nuclei have been found in these com- 
Is, but in all of these the number of bridges never exceeds three 
:en any two cobalt atoms. 

these compounds the maximum co-ordination, whether of tri- 
fc or tetravalent cobalt, appears to be six, as in the case of the 
er cobalt-ammines. 

omerisminthe Polynuclear Cobalt-ammines. — The isomerism 
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in the series has been classified in the following way. Polymerisation 
isomerism, valency isomerism, co-ordination isomerism, and isomerism 
due to asymmetric cobalt complexes respectively. ... 

1. Polynieriscition isoincristniicisiy be compared with polymerisation m 
organic compounds, and just as benzene may be regarded as a polymer 
of acetylene, so in the polynuclear cobalt-ammines the same type of 
isomerism may occur. For example, dodecammino-hexol-tetracobaltic 
salts are polymers of hexammino-triol-dieobaltic salts thus : 


/OH\ 

(NH3)3CofOH-^Co(NH3)3 

\OH/ 


Rg and 


OH. 

Co( >Co(NH3),1 ,3 

mv 


ii. 


Also hydroxo-aquo-tetrammino-cobaltie salts polymerise to gi\c 
octammino-diol-dicobaltic salts thus : 


"HgO 

Co(NH3), 

OH 


Rg 


and 


.OH. 


(NHgj^Co. 


"^OH-^ 


Co(NH3), 


R,.2H.,0. 


2. Valency isomerism is possible, depending on whether the bridging* 
nitrogen of an amino-group is linked to one cobalt atom through n< 
principal valency bond, and to the other cobalt atom by a subsidiary 
valence, as in the formula 


/Oq 


\cc 


eUgCoC >(Jo eiig 


Ra 


which represents tetraethylenediamino-/x-amino-peroxo-dico])altic ^ salts, 
or by the bridging atom of the amino-group being linked to both c^obal t 
atoms by principal valency bonds, and one hydrogen atom being linked 
by principal, and the other by subsidiary, valence, as in the Ibrrnula, 


yCo eiio 
^NII^ 


HR 


lU 


tetraethylenediamino-/x-ammonium-peroxo-dicobaltic salts. 

These two isomeric complex salts differ in colour, the foriuer l)cing 
green and the latter red. Also, the former arc neutral in reaction, whilst 
the latter have an acid reaction in solution. “ 

3. Co-ordination Position Isomerism, — This ty])e of isomerism occurs 
through the arrangement of the groups around eacli cobalt atom with 
respect to the brid^g’ed linkage. For example, there arc two di])r()mo- 
hexammino-g,-amino-peroxo-dicobaltic bromides wliich arc re[)rescnteci 
by the formulse 


Br. /NHox Br 
Co<; >co 

.(NHgjg- ^Og / • (NHgjg, 

The symmetrical bromide. 


Br. 


^ The linking group common to two cobalt atoms is denoted by //. For exfimpk', 
^ -NHg in tliis series. 2 Wenier, Annalen, 1910, 375 , 1 . 
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and 


/NHgy Bra 

(NH3)4Co< >Co 




2 (NH3)aJ 


Brg. 


Asymmetrical bromide. 

The corresponding chlorides may be obtained in symmetrical and 

asymmetrical forms . These isomers have the same nucleus, Co<^ /Co, 

and the difference lies in the disposition of the ammonia molecules and 
the acidic radicles in the complex. Both the symmetrical and the 
asymmetrical salts are intensely green in colour, and resemble one 
another closely in appearance although differing in chemical reactions. 

4. Isomerism due to Asyinmetric Cohalt Atoms. — Werner established 
his formulse for the cobalt-ammines by proving the fact suggested by 
his theory that certain of the cobalt atoms in the ammines were centres 
of asymmetry, and therefore optical activity should be possible. Having 
established this for some of the simple cobalt-ammines, he then showed 
that in many of the polynuclear compounds optical activity exists. 
Thus he prepared optically active isomers of tetraethylenediamino- 

r 

/L^-ammo-nitro-dicobaltic bromide, en 2 Co<" yCo en 2 

L 

proved it to exist in four isomeric forms, namely, Isevo-rotatory and 
dextro-rotatory isomers, with equal and opposite rotation of [a]^® ±164° ; 
a racemic form made up of equal quantities of 1- and d-forms ; and finally 
a form which could not be resolved by any means, the meso-isomer, which 
is inactive by reason of internal compensation. This substance may 
be regarded as the cobalt analogue of tartaric acid. 

Previous to this resolution Werner had represented the compound 
and similar compounds with the two cobalt atoms linked slightly differ- 
ently thus : 


Br^,^ and 


eiioCo^ 


■‘•••NO, 


>Co eup 




The optical investigation described does not indicate any such 
difference, and from this and other evidence it must be concluded that 
there is no essential difference between principal and auxiliary valence. 


1. DICOBALT-AMMINES. 

(a) Compounds loith One Bridged Linkage, 

Decammino - ju - amino - dicobaltic Salts, [(NH 3 ) 5 Co — NHa 
Co(NIi 3 ) 5 ]R 5 . — These salts are obtained from the octammino-/x-amino 
dicobaltic salts. They form the series richest in ammonia of the dicobalt- 
ammines containing the amino-group.^ 

The salts are characterised by their beautiful reddish-blue colour 
and the lustre of the crystals. All the normal salts of the series are 
neutral in solution, and their constitution has been proved by the 

^ Werner, Ber., 1913, 46, 3674. ^ Werner, ibid.<, 1908, 41, 3912. 
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behaviour of the compounds towards mineral acids. If treated for 
some time with a mixture of hydrochloric acid and suljilmrie acid at 
100° C., they are decomposed into a mi.xturc of ehloro-pmdammmo- 
and liexammino-cobaltic salts. This result points to only one [>ossibl(‘ 
arraiigenlent of the ammonia molecules, and the deeoinposition m.i\ 
be represented by the reaction : 

+ |Co(Nn,)r,C1lCl,. 

Isomeric with the series are the salts ot tornmlii 

[(NH3)5Co.NILCo(Nn3)5jR4, 

HR 


which show acidic properties in acpieous solution. 

Decammino -/x -amino -dicobal tic Nitrate, I ( N H a ):S < R o 
(NH 3 ) 5 ](N 03 ) 5 , is prepared from chloro-a(iUo-octaininin()-/t-ainin()- 
dicobaltic chloride, 



1L>() 


A freshl}^ prepared solution of this compound is decomposed by 
concentrated nitric acid, and a greyish-violet })reeipilate of ehloro- 
ni trat o - /x- ami no - dieo bal tic i \ it rate, 


Cl. . XO3 

Co.NIlo.Co (NO. die 

_(Nir3)4- “ '(Nil;,).! 

is formed. 

The precipitate is dried and mix(‘(l with li(iuid ammonia, in whieh il 
dissolves, giving a, brown solution. Tint (‘X(*<‘ss of ammonia is allow <•(! 
to (ivaporate and tlie residue luaited witli w’aba* at lOU C. until no mon* 
dissolves. The insoluble residue of tlui d(‘eammino”sall is {ii!cn‘d and 
reerystallised from boiling water eontaining a iitth^ acetic* acid. 

Tlie salt (Tystallises in long shining lua^dlc's of a blnislen'd roloiir. 
It is sparingly sohible in water and thc^ solution is neutral. If may 
l)(i ])reeipitated from acpieons solution with nitric acid, and il is not 
(leeom])osed on Jicating witli eoiuamtrati^d nitric acid. 

Decammino-/^ -amino -dicobaltic Chloride, j { \ H . ) oN H d ( > 
is obtained from the nitrate by dissohing it in water 
and adding an excess of ainmoniuiu chloride: the treatment witli 
ammonium chloride is repeated, and the product, is then earerulls 
reerystallised from waiter. It crystallises in lim* r(>s(‘"re«I ne<‘d{rs. 1 1 
is more soluble in water tiian nitrate*, and Mu* solution is deep n-d 
in colour and neutral in reaction. N(*itlu*r diluti* nor eoneent rated 
hydroclilorie acid, even on heating, de(*om|)os(*s tlu* salt, but if i! 
be dissolved in concentrated sulphnrie acid, and an lupial solmne of 
concentrated liydrochlorie acid added and the* niixtun* heal<‘d, it gradm 

■ i t\'emer, Jkr., 1 U 08 , 41, :V,)Uk 
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ally decomposes into a mixture of hexammino-salt and chloro-pent- 
ammino-salt. 

The bromide, [(NH3)5Co.NH2.Co(NH3)5]Br5.H20, is prepared in 
the same manner, using ammonium bromide in place of the chloride. 

The sulphate, [(NH3)5Co.NH2.Co(NH3)5]2(S04)5.aH20, may be 
obtained by decomposing the bromide with sodium sulphate. It is 
slightly soluble in water, giving a pale red solution, and it crystallises 
in small shining needles. 

Decammino-/;t-oxy-dicobalticSalts,[(NH3)5Co'".02.Co'"(NH3)5] 
R4, and Decammino-/x-anhydroxy-dicobaltic Salts, [(NH3)5Co'''. 
02 .Co^'^(NH 3)5]R5. — The two series of salts are very closely related, 
the latter being derived from the former. In the first series both cobalt 
atoms are tri valent ; in the second series one cobalt atom, is assumed to 
be tetra valent. The oxy-salts were among the first of the polynuclear 
compounds prepared and examined, and in 1898 Werner and Mylius pre- 
pared the nitrate of the series and proved the constitution of these salts, 
showing them to be compounds formed by the union of two pentammino- 
cobalt nuclei by means of a molecule of oxygen. 

Decammino-/x-oxy-dicobaltic Nitrate, [(NH3)5Co.02.Co(NH3)5] 
(N03)4.2H20, may be prepared by oxidising an ammoniacal solution of 
cobaltous nitrate by passing through it a stream of air. After allowing 
the solution to stand for some time a crystalline precipitate separates, 
which is collected, washed with aqueous ammonia and with alcohol, 
and dried. The substance crystallises in brown prisms, which become 
green on drying. It decomposes with explosion if heated to 200° C., 
and is transformed into ammonium sulphate, cobaltous sulphate, and 
oxygen on treatment with cold sulphuric acid. Hot concentrated 
hydrochloric acid decomposes the salt, chlorine being evolved and 
cobaltous chloride and ammonium chloride left as a residue. 

If heated to 100° C. for some time until there is no further change 
in weight, the salt is completely decomposed, and on treating the residue 
with water, filtering, and mixing the filtrate with concentrated hydro- 
chloric acid, a mixture of hexammino-cobaltic chloride, chloro-23entam- 
mino-cobaltic chloride is obtained.^ 

The sulphate, [(NIl3)5Co.02.Co(NH3)5](S04)2.3H20, is formed in 
the same way as tlie nitrate from cobaltous sulphate, ammonia, and air. 
It crystallises in olive-green leaflets, is more stable than the nitrate, 
but has the same general reactions. 

The chloride,' [(NH3)5Co.02Co(NH3)5]Cl4.IT20, is formed by^ the 
oxidation of an ammoniacal solution of cobaltous chloride. From 
dilute alcohol it may be obtained in greenish-brown iridescent leaflets. 
It is unstable, and decomposes both in solution and in the dry state. 

Decammino-/x-anhydroxo-dicobaltic Salts, [(NH3)5Co™.02. 
Co^v(NIl3)3jR5. — In 1833 Maquenne ^ obtained a green sulphate by the 
action of siilpliuric acid on the oxy-salt, which he believed to be the acid 
sulphate. Vortmanri, later, showed that the compound belonged to a 
new scries of salts, and by an erroneous interpretation assumed that the 
salt was formed by replacing a hydroxyl group in the complex by an acid 
radicle. Hence he gave the salts the name anhydroxy-dicobaltic salts. 
In 1898 , however, Werner and Mylius succeeded in proving that these 

^ Werner and Mylius, Zeitsch. anorg. Ghe-m., 1898, 16 , 261. 

- Maquenne, Cotnpt. rend., 1883, 96 , 344. 

^ Vortmann, Monatsh., 1885, 6 , 437. 
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eoinpounds are formed by uniting a pentammino-cobalto^^^ radicle with 
a pentammino-cobaltic^^ radicle by means of a molecule of oxygen.^ 
Decammino-ft-anhydroxy-dicobaltic Nitrate, 
Co‘^(NH 3)5](N03)5. — The salt is obtained from cobaltous carbonate 
by treating it with nitric acid, ammonium nitrate, atid ammonia/^ It 
crystallises in dark green needles and is very quickly decomposed by 
water. The salts of this series are all dark green in colour and are 
unstable in aqueous solution. 


(b) Compounds with 2 \vo Bridged Linkages. 

Octammino -/x -amino -ol -dicobaltic Salts , 

(NH3)4Co<; \Co(NIl3), R,. 

\oii 

The sidpliatc of the series is the chief constituent of the so-callcd 
A'ortmann’s salt,^ obtained by the oxidation of an ainmoniaeal solution 
of co])altous nitrate and cautious neutralisation with sulphuric acid. 
Two compounds can be isolated, one red, the other green. The rc^d 
salt was regarded by Werner and Baselli as imino-octanimino-di- 
cobaltic salt of formula [ (NH3)4Co.NH.Co(NIl3)4]R,|. Wca-iuu*, however, 
proved that the red salt is analogous to the octamniino-diol-dicobaltic* 
salts, and to be derived from these by the sul)stitution of a liydroxyl 
group by (/x)(Nil2) group thus : 

•OIL “ NMov 

(NIl3)4Co< >Co(Nn3)4 (NH3)4C< “ >CV)(Nn3)4 II4. 

X)H ’ L . 

The liydroxyl group in this series is easily rcmovc^d by acids ; the 
amino-group, on the other hand, is nmch more stable, and is only sjdit 
olT from one of the cobalt atoms by the u(*ti()u of concentrated acids, 
(‘old concentrated hydrochloric acid, hydro! >romi(5 acid, or nilri(‘. ai'id 
causci the removal of the hydroxyl groiq) in the following way : - 


(Nn 3 ),Co<’ “^CoCNHj), ll,|IIR 

\on 


;-[(NIl3)4iCo.N I r3.t!<)( N I r, ) J H , . 


R H„() 

Aci(lo-<iquo-octainniino-/4-}enin()-(Jol)aIti(i .salt. 


The salts are transformed into the decammino-salts on treatment witii 
li(|uid a-minonia. 

These aquo-derivatives are ty[)ical ac[uo-saUs, a.nd bcdiavt; likci tlu; 
a(|uo-sa.lts of the single (*obaIt-ammiaes. Hi a((U(‘()us solution th(‘y 
arct furtlier hydrated thus : 


[(Nir3)4(V).NlIo.a)(NIl3)4lH.4^^ - ..[(Nll3)4Co.Nno.(^<)(NH3)4lR, 




*• W eriR'i’ and Myliu.s, Zvilfich. ammj. Ckcni., IS‘JS, 16, Cdi. 
- Jurgeiiscn, ibid., 1894, 5, 185. 

^ Werner, Ber., 1907, 40, 4009. 



METAL-AMMINES OP IRON, COBALT, AND NICKEL. 


171 


The diaquo-salts then undergo further reaction, and may be trans- 
formed again into octammino-/x-amino-ol-dicobaltic salts thus : 


[(NH3),Co.NH,.Co(NH3)JR, 


H,0 


H3O 


^[(NH3)4Co.NH2.Co(NH3)4]II,- 

I 1 

H 2 O OH 


-Hil; 


[(NH3)4Co.NH3.Co(NH3)4]R4 
H,o in 


..•NH3. 

(NH3)4Co^ >Co(NH3)4 

\OH • ■ 


R.j-hH20. 


Therefore, if the acido-aquo-octammino-jit-aniiiio-cobaltic salts in solu- 
tion be left to stand for some time, they are converted into the less 
soluble octanimino-/x-amino-ol-salts, which then crystallise from the 
solution. 

The acido-aquo -salts can change into diacido-salts on treatment 
with acid. For example, if chloro-aquo-octammmo-/x-amino-dicobaltic 
chloride be treated with concentrated nitric acid the molecule of water 
is replaced by the nitrate radicle, giving chloro-nitrato-octammino-ja- 
amino-dicobaltic nitrate, 

[(NH3)4Co.NH2.Co(NH3)4]Cl4+4HN03 

Cl HgO 

— >[(NH3)4Co.NH2.Co(NH3)4](N03)3+H20+4HCL 

Cl iog 

Dibasic acids, on the other hand, replace the hydroxyl group by 
acidic radicle, giving rise to compounds such : 


.•NH3. 

(NH3)4Co( >Co(NH3)4 


Cl., 


^vith sulj)huric acid, and 


..•NH3. 

(nh3)4Co<; >co(nh3)4 

^CaO/ 


Cl 


3 


with oxalic acid.^ 

Octammino -p. - amino -ol -dicobaltic Chloride , 


mi,. 

(NH3)4Co< >Co(NH3), 

\OH ■ 


C14.4HA 


is preimred from a mixture of cobaltous nitrate in aqueous solution 
and ammonia. The mixture is oxidised by means of air at a temperature 
of 30° C., and then carefully neutralised with sulphuric acid at low 
temperature. After standing for some time a reddish-brown pre- 
cipitate separates, which was originally named “ Vortmann’s sulphate.” 
This is washed with water aird then rubbed with concentrated nitric 
1 Werner and Baselli, Zeitsch. anorg. Ghem., 1898, 16 , 11. 



172 


THE METAL-AMMINES. 


acid until it solidifies again, and the residue washed free from acid. 
The residue, composed of a red and a green compound, is then treated 
with water until the green salt goes into solution. The remaining red 
salt, octammino-ja-amino-sulphato-dicobaltic nitrate, is shaken with con- 
centrated hydrochloric acid and allowed to stand until the colour changes 
to brown, when it is collected, washed with water and alcohol, and 
dried. The crude chloride so produced is dissolved in water and 
reprecipitated with concentrated hydrochloric acid. It may be re- 
crystallised from water at ordinary temperature by evaporating the 
solution in a desiccator. 

The compound is slightly soluble in cold water and easily soluble in 
hot water. If heated with hydrochloric acid for a considerable time it 
decomposes into chloro-pentammino-cobaltic chloride and dichloro- 
tetrammino-cobaltic chloride. It crystallises in glistening brownish-red 
prisms. 

(NH3)4Co<' \Co(NH3)4 


The sulphate, 


(S04)2.2HA is 


obtained by decomposing the chloride, dissolved in very dilute acetic 
acid, with silver nitrate, filtering the solution and decomposing the 
filtrate -with dilute sulphuric acid. It forms brownish -red prismatic 
crystals. It is insoluble in water, and loses twn molecules of water if 
left over phosphorus pentoxide, and is decomposed by concentrated 
sulphuric acid. 


The nitrate, 


...•NH3. 

(NH3)4Co<^ >Co(NH3)4 

\OH 


(NO 3) 4, is also obtained 


from the chloride. It is only slightly soluble in water, and crystallises 
in dark red needles. 

Many derivatives of this series of salts have been prepared. For 
example, the chloride, if freshly prepared, yields in aqueous solution 
crystalline salts with chloroplatinic acid, potassium iodide, and mercuric 
chloride,^ and numerous acido-derivatives have been prepared. 

Octammino-p, -amino -sulphato-dicobaltic Nitrate, 


...•nh,. 

(NH3)4Co>r >Co(NH3)4 


(N03)3, 


is formed by adding concentrated nitric acid to the corresjjonding 
sulphate solution, jorepared by heating octammino-/r-amino-ol-dico- 
baltic salts with suljjhuric acid. It crystallises in violet-red prisms. 

The bromide crystallises in leaflets containing one molecule of 
water. The chloride loses one molecule of hydrochloric acid on heating, 
and passes into octammino-p.-imino-sulphato-dicobaltic chloride thus : 


...nh, 

(NH3),Co< _ >Co(NH3), 




CL 


NH 

(NH3)4Co< >Co(NH 
^SO / 


Z/i 


^ Werner and Salzer, AnnaUn, 1910, 375, 51. 
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Octammino-/z,“amino-peroxo-dicobaltic Salts, 

r 1 

(NH3),Coni^ >Co^V(nH3), R^. 

L / J 

>alts of this type show oxidising properties, and if treated with reducing 
igents, such as hydriodic acid, are transformed into the octammino-/x- 
imino-diol -salts. They are decomjDosed on warming with concentrated 
ulphuric acid, and from the amount of oxygen evolved it is assumed 
hat the tetravalent cobalt atom is transformed into tri valent cobalt. 
I'or every two atoms of cobalt one and a half atoms of oxygen are 
iberated. The nitrogen evolved when the salts are more strongly 
leated with sulphuric acid supports this view. 

The nitrate of the series, (NH 3 ) 4 Co<;^^ \Co(NH 3)4 (NOg)^, 

L ^2 J 

s obtained from Vortmann’s green sulphate by treating it with nitric 
icid.i It crystallises in dark green prisms. The aqueous solution of 
:his salt is unstable and rapidly decomposes. 

The sulphate crystallises in grey-green prisms, and is formed by 
seating the nitrate with dilute sulphuric acid. Other salts of the series 
ire known. 

Ammonia groups in the salts of the series may be replaced by ethyl- 
niediamine. Thus, tetraethylenediamino - /x - amino - peroxo - dicobaltic 

r n 

litrate, engCoy pCo eug (N 03 ) 4 , is formed when the octammino- 

L / J 

litrate is warmed with 10 per cent, ethylenediamine and the solution 
leutralised with nitric acid. It separates as a green crystalline salt. 
[f neutralisation takes place at low temperature a red salt is obtained, 
rvliich is tetraethylenediamino-/>i-ammonium peroxo-dicobaltic nitrate, 

en^Co<( >Co eiio (N 03 ) 3 . 2 H 20 . 

\nh/ 


Sodium iodide reduces these green salts to tetraethylenediamino-^x- 
imino-ol-dicobaltic iodide, and both the red and the green salts are 
iasily reduced by hydriodic acid, with formation of the corresponding 
x-amino-ol-salts. 

Ammonia causes the loss of a molecule of acid from both series of 
;alts with production of tetraethylenediamino-/x-imino-peroxo-dicobaltic 


r /NIL 

jalts. For instance, the iodide, eUoCoq XCo eiio lo.SHgO, may 

L / . , . . ■ 

)e readily obtained from the amitio-peroxo-bromidc by triturating it with 
immonia and sodium iodide. It crystallises in small browi\ needles. 

Octammino-diol-dicobaltic Salts, 

r 

(nh3)4Co<; >Co{nh3)4 1I4. 

\OH 


^ Werner and Griin, Annalen, 1910, 375) 61. 
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These salts are easily obtained from hydroxo-aqiio-tetraramino-cobaltic 

salts, [Co(NH3)4(0H)(H20)]R2. , , ^ -p , . , , 

Hydroxo-aquo-tetrammino-cobaltic sulphate, it heated, loses two 
molecules of water, and is transformed into octammmo-/A-diol-dicobaltic 
sulphate thus : 

2[Co(NH3)4(0H)(H20)]S04 

r /OH- 

— ^ (NH3)4Co< >Co(NH3) 

■-•oh/ 

The diol-compounds are readily decomposed by concentrated hydro- 
chloric and hydrobromic acids, yielding a mixture of m-diaquo-tetram- 
mino-cobaltic and ci5-diacido-tetrammino-cobaltic salts, a reaction 
which has proved useful in determining the configuration of stereo- 
isomeric cobalt-ammines. 

Octammino-ji 6 -diol-dicobaltic Chloride, 

/OH. 

(NH3)4Co< >Co(NH3)4 ChAU^O, 

oh/ 



is prepared from the sulphate, which is almost insoluble in water, by 
rubbing it with ammonium chloride. It forms dark red crystals which 
are soluble in water and neutral in reaction. ^ 

r 

The bromide, (NH3)4Co< j>Co(NH3)^ Br^.-lHoO, is ])repared 

L ■•on/ 

from the chloride by treating the cold solution ^vith potassium bromide, 
when a dark red crystalline precipitate of the broniido sc^parates. 

The nitrate is also obtained from the chloride ])y acting upon it 
with sodium nitrate, when double decomposition takes ])la,(*e and a. 
light carmine-red precipitate is formed. This is rccrystallised ironi 
water on the further addition of sodium nitrate. The salt is anhydrous. 

r 

The iodide, (NH3)Xo/ yCo(NH3),i forms dark 

oh/ 

violet crystals, and the chlorate, [(NHjj)/^) : (()n)o : Co(NH.5) J(C! 10 .j)^j, 
crystallises in crimson prisms. 

The salts of the series are bright red (*rystallin(‘ bodies. Tliey are 
soluble in water, neutral in reaction, and dilut.e mineral a.eids do not 
transform them into aquo-salts. The least; s()lu})le imanlxi’ of tlK‘ seri{‘s 
is the sulphate [(NH3)^Co : (OH), : (^(Nn.j)^ whieh is 

prepared by heating hydroxo-aquo-tetra.mmino-e()})alt ie snlj)hate at 
100 ° C. till it is constant in weight. The mass is (‘xtracted with water 
and the sparingly soluble sulphate collected and dri(‘(l. The eriulc* j)rf)- 
duct so obtained is converted into the chloride* and ati a(nic()us solution 
of this then treated with a solution of sodium siil[)hatc*, whcai a crystal- 
line precipitate of the diol-sulphatc is obtained. It is eolh^ctcxl, washed 
with water, alcohol, and finally with cth(‘r. Tt forms small red lU'cdle- 
shaped crystals which contain two molecules of watca* of hydration. 

Belonging to the series are the tetracthylenediaiuiiK)-/^-diol- 
^ Werner, Ber., 1907, 40 , 4434. 
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dicobaltic salts, 


engCo^ 


/OH, 

OW 


‘>Co ( 


Ri 


Tliese are obtained from 


Iiydroxo-aquo-diethylenediamino-cobaltic salts, [Co eii2(0H)(I-l20)]R2A 
Thus, liydroxo-aquo-dietliylenediamino-cobaltic dithionate, [Co eiig 
(0H)(H20)]S20g, if heated, loses water, as in the case of the corre- 
sponding tetrammino-salts, with formation of tetraethylenediamino- 
cobaltic dithionate, 


2[Co en2(0H)(H20)]S206— > 


.OH, 

enaCo^ yCo en 

oh/ 


(S20e)2+2H20. 


The dithionate, like the sulphate of the corresponding ammino-salts, 
is very sparingly soluble in water, and the other salts may be obtained 
from it by decomposing it with ammonium salts of the acid. They 
decompose on treatment with concentrated hydrochloric acid thus : 


.OH, 

eiigCo^ >Co en^ 


OH/ 


CI4+2HCI — >[Coen2{H20)2]Cl3+[Co en^Q^]C], 


TetraethylenediaminO“/i-diol-dicobaltic Bromide, 


.OH, 

eiigCo/ j>Co eiio 

'OI-K 


Br4.4H20, 


is obtained by rubbing the dithionate with water and ammonium 
bromide. The reaction mass is dissolved in water and precipitated ]:)y 
the addition of ammonium bromide. It crystallises with four molecules 
of water, two of which are removed when the substance is lieated to 
100° C. It is easily soluble in water, and the violet solution obtained 
is neutral in reaction. 

Octammino-^-diamino -dicobaltic Salts, 


.NH2-. 

(NH3),Co/ >Co(NH3), 

-■■mi/ 


R. 


The dithionate, 


(^2^0)2’ has been 


Several members of this scries Iiave been j^repared. Tlie methods of 
preparation arc not satisfactory, and it is dinicult to obtain tlie salts 
pure. 

.NHo-. 

(NH3)4Co/ “>Co(NH3)4 

NH2/ _ 

obtained as a by-product in the preparation of eis'-dicliloro-tetrammiuo- 
cobaltic chloride, [Co(NH3)4Cl2]Cl, from oetammino-/x-diol-dicobaltic 
chloride. A red substance is produced when the crude tctrammino-salt 
is dried, and if the substance be dissolved in water and sodium dithionate 
added, yellow-orange crystals separate which liave the composition of 

/NH3, 

(NH3),Co< >Co(NH3), 

-■■mi/ 

crystallises in shining leaflets which are almost insoluble in water, 

Werner, Ber., 1907,|4O, 284. 


the diamino-salt. 


(8203)2- The salt 
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The bromide, 


Co(NH 3)4 .may be 


prepared from the dithionate by rubbing it with successive quantities 
of ammonium bromide and water till almost completely dissolved. 

On filtering the liquid the bromide is obtained from the filtrate by 
precipitation with ammonium bromide. It crystallises in brownish-red 
leaflets. 

(c) Compounds with Three Bridged Linkages, 

Hexammino-/x-amino-diol-dicobaltic Salts, 

(NH3)3Co^OH ^:Co(NH3)3 R3. 

Compounds of this series are derived from the so-called “ melano- 
chloride,” a substance formed by oxidising an ammoniacal solution 
of cobaltous chloride with air and precipitating a solid by means of 
concentrated hydrochloric acid. From the mixed solid obtained 

the sparingly soluble diaquo-hexammino-^-amino-ol-dicobaltic 
TH^O H2O n 

nitrate, (NH3)3Co< ;>Co(NH3)3 (NOg)^, is precipitated on the 

_ OH ^ _ 

addition of silver nitrate. This salt forms the starting material for the 
preparation of the /x-amino-diol salts. If diaquo-hexammino-/x-amino- 
ol-dicohaltic nitrate is dissolved in warm water containing a few drops 
of nitric acid and the cold solution mixed with concentrated nitric; acich 
yellowish-brown needles of nitrato-aquo-hexammino-u-amino-ol- 

TH^O ..-NH^x (NO3) ■” 

dicobaltic nitrate, (NH3)3Co<;^ >Co(NH3)3 (NO.d.j, arc ])re- 

\OH 

cipitated, and this, on treatment with liquid ammonia, changes into 
octammino-ja-amino-ol-dicobaltic nitrate, 


|^(NH3)4Co<^Co(NH3)4 |(N 03 ) 4.1 
Hexammino-^-amino-diol-dicobaltic iodide, 

(NH3)3Co<^OH --;:::C0(NIl3)3 I,, 

is prepared by treating an aqueous solution of the diaquo-salt with solid 
potassium iodide. It is precipitated in brownish needles Avhieh are 
sparingly soluble in cold water yielding a neutral solution. It is dillicailt 
to purify as it is easily decomposed. 

r 

The bromide, (NH3)3Co<^OH )Co(NH3)3 Bia-IIaO, is obtained 

by treating a concentrated aqueous solution of the diaquo-salt with am- 
monium bromide. It is precipitated from solution in dark red needles. 
The salt may also be prepared from the iodide by rubbing it with moist 
^ Werner, Annalen, 1910, 375 , SO. 
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silver bromide, filtering from the precipitated silver iodide, and treating 
the filtrate with alcohol. It crystallises in small needles and is sparingly 
soluble in water. 

/NH... 


The chloride, 


(NH3)3Co(.-.OH -:Co{NH3)3 
\OH 


CI3.H2O, may be ob- 


The nitrate, 


(N03)3.2H20, is pro- 


tained from the iodide or the bromide by treating with moist silver 
chloride and precipitation from the filtrate with alcohol. It crystallises 
in pale red needles and is easily soluble in water. • 

(NH3)3Co<^-OH ■-^:Co(NH3)3 

\OH 

duced by decomposition of the iodide by rubbing a concentrated solution 
with silver nitrate and precipitating the salt, after removal of silver 
iodide, with alcohol. It separates in small red crystals which are easily 
soluble in water.^ 

In this series of compounds one of the hydroxo-groups of the bridged 
linking is much more easily split off than the other, hence they readily 
pass into the diaquo-hexammino-/x-amino-ol-dicobaltic salts. For 
example, if the nitrate is crystallised from water containing nitric acid, 
the hydroxo linkage is broken and the substance passes into the diaquo- 
^t-amino-olsalt thus : 

(NH3)3Cof OH -^:Co(NH3)3 
■^OH . 

H ,0 

Co< 

(NH 3)3 \NH 3 -- (NH 3 ) 3 _ 

The isolation of the diaquo-nitrate depends on its sparing solubility, 
on. account of which it may be precipitated from a solution in which 
there is equilibrium between the /a-amino-ol and the p,-amino-diol com- 
pounds, by means of nitric acid thus ; 


(N03)3+HN03+H30 


OH . H2O 
>Co 


{NO3),. 


H ,0 


(NH 3)3 


Coc-' 


OH 


bCo 


H3O 


''NH, 


(NH 3)3 


(NO3), 


/NH 3 -... 

(NH3)3Co<^OH -hCo(NH3)3 

\OH 


(N03)3+H30 + HN03. 




From the same solution, therefore, ammonium nitrate is capable of 
forming the diaquo-/r- amino- ol salt, whereas ammonium bromide and 
ammonium iodide yield respectively the bromide and the iodide of the 
amino-diol salt.^ 

Hexammino -tr iol - dicobaltic Salts , 

/OH , 

(NH3)3Co40H-)Co(NH3)3 

OH/ 

These salts are obtained from the dichloro-aquo-triammino-cobaltie 
salts.® 

1 Werner, Animlen, 1910, 37s, 91. - Werner, ibid,., 1910, 375, 25. 

2 Werner, Ber., 1906, 39, 2074; Werner and Griin, ibid., 1907, 40, 4834. 

x^ 4 ■^T 12 


R3. 
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Hexammino-triol-dicobaltic Chloride, 


yOH.. 

(NH3)3CofOH^Co(NH3)3 


CI3.HA 


is obtained by acting upon a solution of dichloro-aquo-triammino- 
cobaltic chloride, [Co (NH 3)31120. Cl 2] Cl, with sodium hydroxide. It 
may also be prepared from the sulphate of the series by rubbing it with 
ammonium chloride and water. It crystallises in brownish-red needles 
from dilute alcohol, and is decomposed on heating to 100° C. 

Hexammino-triol-dicobaltic Sulphate, 


/OH.. 

(NH3)3Co^OH^Co(NH3)3 


2(S0,)3.6H20, 


is prepared by the action of sodium hydroxide on dichloro-aquo- 
triammino-cobaltic sulphate. It crystallises in pale red prisms con- 
taining six molecules of water of hydration. It loses five i^iolecules 
of water if kept over phosphorus pentoxide, and if heated to 77 ° C. 
it is obtained anhydrous. 

r /OH... 1 


The bromide, 


(NH3)3CofOH^Co(NH3)3 


Br„ 


i.s formed when 


chloro-bromo-aquo-triammino-cobaltic bromide, [Co (NH3 ) 3CI Hr.IT gO ] 
Br, is heated with water at 60 ° C. 

This series of compounds, if decomposed by the halop;en aeids, giw^s 
quantitative yields of triammino-eobaltic salts ; hence tlirec ammonia 
molecules are attached to each cobalt atom. The acid rcisiducs in 
the salts are readily ionised, and each salt may be transfornu^d into the 
other by double decomposition. These compounds arc not a<jno-saUs, 
and their aqueous solutions are neutral in reaction. 

Isomeric with the series are the black dodccannnino-he.xol-le.ii-a.- 
cobaltic salts, [Co(OH)6(Co(NH3)3)3]R8, which may be rc^jrarded as 
polymers of the hexammino-triol-dicobaltic salts. 

A series of compounds has been prepared when^ two of tin- hydroxyl 
linkages of the triol-series are replaced by iiitro-groups. 'I'liVse are 
the hexammino-/x-dinitro-ol-dicobaltic salts.^ 

Hexammino-jii-dinitro-ol-dicobaltic Chloride, 


/OH .. 

(NH 3 ) 3 Co^N 03 -)Co(Nir 3)3 


Cl 3. 11 . .0, 


is obtained from diehloro-hexammino-/i-nitro-ol-dic!ob{iltie sails by 
treating them in aeetic-acid solution with nitrons acid. It (•ryst.allis<-s 
in orange-red needles, and is suniciently stable to allow of 'ils Ixa'n.g 
recrystallised from hydrochloric acid without deconrj)osition. 

Hexammino -p. -nitro -diol -dicobaltic Salts , 


/OH .. 

(NHg) 3 Co(.. OH /:Co(NH 3)3 

\n03.-- 




‘ Werner and Welti, Annakn, 1910, 375, Kio. 
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are formed by treating an acetic-acid solution of hexammino-triol- 
dicobaltic salt with nitrous acid. They are orange-coloured salts. 
The nitro-group in these salts is stable, but one of the hydroxyl linkages 
is easily broken, and on warming with hydrochloric acid one hydroxyl 
linkage is broken and two chlorine atoms enter the complex radicle 
thus : 


/OH .. 

(NH3)3Co<"-OH -^:Co(NH3)3 

Xno^.-- 


Cl 3 -f-HCl 


OH V n 

(NH3)3Co<' >Co(NH3)3 CI3+H3O. 

Cl ^NOa-' Cl 

Hence it is possible to pass from the dicobalt-ammines containing three 
bridged linkages to those containing two bridges. 


2. TRICOBALT-AMMINES. 

(a) Compounds with Four Bridged Linkages, 

.OH. .OH. 

(NHji.Co/ >Co/ >Co(NH 3 ), 
OH/ OH/ 


Ha* 


en^Co^i^ 


This series is represented by the tetraethylenediamino-diaquo-tetrol- 
cobalto-dicobaltic salts. For example, 

/OB. .OH. ~1 

>Con(H20)/ W^^en^ (SOJ^. 
oh/ oh/ 

The compounds are obtained by oxidising an aqueous solution of 
cobaltous salt containing ethylenediamine by means of air. They 
contain two [Co 0112(01-1)2] nuclei united by a cobaltous atom which 
is itself associated with two molecules of water. The constitution of 
the salts has been investigated by Werner ^ by examining the decom- 
position products obtained on treatment with hydrochloric acid. Cold 
hydrochloric acid decomposes the substance with formation of one 
molecule of cobaltous chloride and two molecules of cw-diaquo-di- 
ethylenedi amino -cob altic chloride thus : 

.OH. .OH. “1 

eUoCo/ >Co(H:oO) 2 / >Co en^ Cl^+HICl 

• oh/ ^ ••■oh/ 

— ^.2[Coi^%i2(H20)2]Cl3 + CoT^Cl2+2H20. 

The salts contain four hydroxyl groups employed in linking the cobalt 
atoms in the complex. The water molecules represented as united to 
the cobaltous cobalt are retained even when the salts are dried, but 
the function of these is not clearly understood. From the above 
formula and the decomposition products obtained it is assumed that 
the cobaltous cobalt has co-ordinated with it two molecules of water 
and two [Co en2(OH)2] radicles thus : 

H20^ .[Conien2(OH)2]“ 

CoV |R. 


H ,0 


\| 


[Conien 2 (OH) 2 ]. 


Werner, Ber., 1907, 40 , 4426. 
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Werner sncfgests that it may be a derivative of cobaltoiis cobaltic 
hydroxide, Co3(OH)8. , 

Tetraethylenediamino-diaquo-tetrol-cobalto-dicobaltic Sul- 

r (^ 20)2 1 

phate, Co (S04)2.5H20, is prepared by treating the 

L [(OH)2Coen2]2J 

corresponding chloride with sodium sulphate. It separates in bright 
red microscopic needles which are sparingly soluble in water. 

r (H20)2 "1 

The chloride, Co CI4, is prepared directly from 

[(OH)2Coen2]2J 

cobaltous chloride and ethylenediamine on oxidation with air and sub- 
sequent treatment with sodium chloride to precipitate the compound. 
The crude salt contains a little triethylenediamino-cobaltic chloride, 
which is removed from the sparingly soluble tetraethylenediamino- 
diaquo-tetrol-chloride by washing with water. It is a bright red micro- 
crystalline powder. 

(H30)2 


The iodide, 


I4.2H2O, resembles the chloride, 


The dithionate, 


The chloroplatinite. 


Co 

L [(OH)aCoen,]2_ 

but is brownish red in colour. 

" (H 2 O), 

Co 

L [(OH)2Coen2]2___ 

from the chloride by double decomposition with sodium dithionate. 
It forms a bluish-red crystalline powder. 

^ (H20)2 
Co 

[(OH)2Coen2]2_ 

brownish-red crystalline powder. 


(S20g)2.2Tl20, is obtained 


(PtCl4)2.2H20, is a light 


(b) Compounds containing Six Bridged Linkages, 


/OH.. 


/Oil. 


(NH3)3Co<-OH -^Cof OH ;;Co(NH3)3 

oh/ oil/ 


R,. 


Whilst preparing hexammino-triol-dicobaltic sulphate from chloro- 
diaquo-triammino-cobaltic sulphate, Werner ^ obtained a reddish-brown 
mother-liquor, and on cooling this he obtained from it a gr(‘CM pre- 
cipitate on the addition of concentrated hydrochloric acid. On dis- 
solving this in water containing a little acetic acid and adding sodium 
sulphate, the impure hexammino-hexol-tricobaltic sulphate separatees. 
This is collected, treated with ammonium chloride, and greenish-brown 
crystals of the pure chloride obtained. 


The chloride. 


/OH 


/OH.. 


(NH 3 ) gCo/ OH ;Co< OH-^Co (NH 3 ) 3 

oh/ oh/ 


CI3.3H2O, is 


easily soluble in water, giving an intensely yellowish-grccn solution. 

The bromide may be obtained from the chloride by double decom- 
position with ammonium bromide, and by the action of sodium di- 
thionate, the dithionate. 


^ Werner, Ber., 1907, 40, 4834 ; Werner, Annalen, 1910, 375 , 40. 
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/OH.. 


/OH.. 


(NH3)3Co:^OH >Co< OH-^Co(NH 

oh/ oh/ 


3/3 


,(S 30 e) 3 . 2 HA 


separates in brown crystals. 

The salts of this series decompose on treatment with hydrochloric 
acid, giving dichloro - aquo - triammino - cobaltic chloride, cobaltous 
chloride, and chlorine. 

The formation of the triammino -salt indicates that two of the cobalt 
atoms are united with three molecules of ammonia, and the evolution 
of chlorine shows that one cobalt atom has been reduced from trivalent 
to divalent state. The reaction may be represented thus : 


/OH.. /OH.. 

(NH3)3Co/OH- >Co./ oh— :Co(NH3)3 
oh/ oh 


CI3 + 6HCI 


>2[Co(NH3)3(H20)Cl2]Cl+CoCl2+4H20-fCl. 


When solutions of these salts are treated with concentrated hydro- 
chloric acid, green crystals of diaquo-hexammino-pentol-tricobaltic 
chloride are formed by the breaking of one ol-linkage thus : 


rH^o 

Co< 

L(NH 3)3 


-OH .OHv 

HgO OH-^Co(NH3)3 

-OH \OH/ 


CI4. 


It is not quite certain whether all the chlorine is outside the complex 
or not. 


3. TETRACOBALT-AMMINES. 

Two series of salts are known containing four cobalt atoms in the 
molecule, namely, dodecammino-hexol-tetracobaltic salts, 



and hexaethylenediamino-hexol-tetracobaltic salts, 


OH 

Co( Coengjj 

OH 


Re. 


These salts arc easily obtained from tetrammino- and diethylenedianiino- 
cobaltic salts respectively. The ammino-series were first prepared by 
Jorgensen ^ in 1898. He gave them the name anhydrobasic-tetraminino- 

7HO R 

diaquo-diammino-salts, and the formula 


R, 


(H20)aCo.0.Co 

L(NH 3)2 (NH 3 ) 4 _ 

This was rejected by Werner,^ as it did not agree with the properties of 
the substances. Thus, the salts do not yield aquo-salts on heating 
with dilute mineral acids, therefore the hydroxyl group cannot be 
directly united to cobalt as in the hydroxo-salts. The chloride of the 
series cannot have chlorine in the complex, otherwise the salt could not 

^ Jorgenson, Zntsch. anorg. Cham., 1898, 16, ISO. 

2 Werner, JSen, 1907, 40, 2103. 
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(2) Tetraethylenediamino - amino - nitro - dicobaltic 
d-bromO“ camphor Sulphonate, 



.diSOaCioHi^OBrL.THA 


crystallises in felted orange needles with rotation [a] 
[M]+1285-9°. 

On treatment with acids the corresponding salts of tetraethylene- 
diamino-/x-amino-nitro-dicobalt are obtained. These salts arc inactive 
in every case, and are the meso-salts. 

Meso-tetraethylenediamino-/x- amino -nitro - dicobaltic 


Bromide, 


engO 


NHg^ 


>Co eng 


lBr 4 . 6 H 20 , is obtained in sliort 


prismatic yellowish-red crystals by treating the above compound 
with concentrated hydrobromic acid followed by the addition of 
alcohol. 


The iodide, 


/NH. 

en 2 Co<^ >Co en^ 

\NOy 


I^.HgO, separates as a finely 


crystalline powder. 

(3) d -T(etraethylenediamino-p,- amino -nitro - dicobaltic 
d-bromo-camphor Sulphonate, 


en2Co<( yCo eng 

\NOg/ 


d-[S 03 C,oUi 40 Br| 4 .(>IIgO, 


is the least soluble of the three bromo-cainphor sulphouates, and crystal- 
lises in shining rectangular leaflets with rotation |aP' 4 1 <> 0 '\ \M\ 
+2828-6°. On treatment with acids it yields the eorresjionding 
dextro-salts. 

d-Tetraethylenediamino-/>t-amino-nitro -dicobaltic Bromide 

separates in the same crystalline form as the l-salt, and contains li\(t 
molecules of water. The rotation in this case is l a+*+16 h', | IVI | 
+ 1361-2°. 


The iodide. 


/NHg. 

eugCod )>Coeno 


octahedra with rotation 
The thiocyanate. 


I^.IIgO, crystallis(‘s in deep nnl 


a]i7 + 138°, [MJ + 1280-6°. 
Nllo 

en 


>Co 
NO./ 


ein 


(SCN)4.3II./), has a 


rotation of | aP^ + 182°, |M] + 1284*9°. 

On mixing equal quantities of d- and l-lnomide tlu^ racenii(‘ salt, 
crystallises in cubes. 


The iodide crystallises in prisms and the thiocyanate in dark red 
prisms. 

On prolonged boiling of aqueous solutions of the aedive bromo-(‘ain- 
phor sulphonates change takes place, and only inacti^■e dicobaltic* salts 
of the meso series are obtained. 
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Optical Activity in the Tetraethylenediamino -;u.- amino - 


peroxo-dicobaltic Salts, 


en„Co™< 


>Co’^'^eno 


R4.1 


From the configuration of these salts four optically active forms 
are possible, represented by the following ; — 


1. [+A+B], 3. [+A-B], 

2. [-A-B], 4. [-A+B], 


and racemic forms made up of 1+2 and 3+4 (where A represents 
(engCo^^i) and B (engCoi^)). 

Two optically active forms have been prepared, namely, those 
represented by 1 and 2. Also the racemic form by mixing 1 and 2. 
Those corresponding to 3 and 4 are still doubtful. 

The starting material is prepared by the action of ethylenediamine 
on octammino-/x-amino-peroxo-dicobaltic nitrate, which gives the race- 
mic inactive nitrate. 

The nitrate is transformed into the bromide, and this is then treated 
with active silver bromo-camphor sulphonate. A dark green solution 
is formed, and a difficultly soluble bromo-camphor sulphonate mixed 
with silver salt. This mixture is extracted with hot water and the 
solution so obtained fractionally crystallised. The resolution is tedious 
and the yield is not good. 


The d-Series. 

The bromo-camphor sulphonate of the d-series. 


/NH,. 
en2Co<( 


Co euo 


[S03CioHi,OBr],.9H20, 


crystallises from warm water and separates from a concentrated solution 
in grass-green crystals. On heating to 100° C. the sulphonate undergoes 
decomposition and becomes brown in colour. Rotation of the salt is 
[a]20- + 520°, [M] +9734-4°. 

.mi,. 

en2Co<( bCoen2 


The d -bromide, 




Br^.SHgO, is obtained by 


dissolving the sulphonate in a small quantity of water and rubbing 
with solid sodium bromide. It crystallises in black glistening prisms 
which have rotation [a] ^'^+840°, [M] + 6854-4°, and from this salt 
other d-salts are j^repared. Thus, on treatment of an aqueous solution 
with solid sodium dithionate, the ditliioiiate is precipitated in greenish- 
black crystals of rotation [a] ^’+848°, [M] +6919-6°. 

H.\ 

^Co eiiq 

by dissolving the bromo-camphor sulphonate in a little concentrated 
nitric acid and precipitating the cold solution with alcohol. It is easily 
soluble in water and separates as a light green crystalline powder. The 
rotation of the salt is [a] ^'^+920°, [M]+6848°. 

^ Werner, Ber., 1914, 47 , 1961. 


The d -nitrate, 


eUoG 


(NO 3)4.21120, is prepared 
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The ISeries. 

d-Bromo-camphor sulphonate of the 1-series may be separated IVoiu 
the fourth or fifth extraction of the crude product. It crystallises m 
olive-green needles which are sparingly soluble in cold water but easily 
soluble in hot water. Perfectly pure 1-salts are best obtained from the 
niother-liciuor of the resolution of the bromide with l-bromo-caniphoi 
sulphonate. 

r 

The br o mide , en p>Co en 2 

green leaflets or in dark green prisms of rotation [a]-^^ 840 , [MJ 

— 6854-4°. These active salts are fairly stable in aqueous solution, but 
the acti\dty diminishes on keeping. 

It is suggested that the extremely high rotations of these salts is 
due to tetra valent cobalt in the molecule, a suggestion which is su])ported 
by the marked diminution in rotation when the tetravalent e.of)alt is 
reduced to trivalent cobalt, as shown in the dicobaltic salts describcal. 


Br4.5lT20> separates in grass- 


The bromide, 


Racemic Salts. 
/NH2X 

en2Co<( yCo eiig 


Br^.GHgO, crystallises in dark 


dicobaltic Salts, 
The iodide, 


R3. 


I3.4H2O, is prepared by trend i 


ng 


green regular crystals. 

Optically Active Tetraethylenediamino - ^ - imino - peroxo- 

/NH\ 

eiigCo^ ^Co eug 

^0, / 

/NH\ 

en2Co<f >Co en 

/ 

d-tetraethylenediamino-/x-amino-peroxo-dicobaltic broinidci with con- 
centrated aqueous ammonia and decomposing the filtcrc^d solution with 
ammonium iodide. The 1-salt obtained crystallises in glistmiing brown 
needles with rotation [a]^^ — 160°, [MJ — 1372-81°. 

The d-iodide is prepared from l-tetracthylenedianiin()-/x-ainin()- 
peroxo-dicobaltic bromide by the same reaction. It se|)arat(‘s in dark 
brown needles which are easily soluble in water and ]ia,\'(‘ rotation 
[a]i^ + 160°, [MJ — 1372-8°. 

Tetraethylenediamino-/x-ammonium-peroxo-dicobal tic sal Is, which 
are isomeric with the amino -peroxo -salts, may also bet o})taiiu-d in 
optically active forms. 

The preparation of salts of this series in the jmre stat(‘ is dillicnlt . 
The dithionates are most easily 23repared, and from these pure liromidt-s 
are obtained. 

1 - Tetraethylenediamino - /x^ammonium - peroxo - dico- 


baltic Dithionate, 


en2Co< 




H 


>Co eiin 


SoO, 


SpO, 


. 71120 , crystal lisc‘s 


in red shining needles which are somewhat sparingly soluble in water 
and have rotation 192°, [MJ — 1625-8°. 
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The d-compound crystallises in red felted needles which are sparingly 
soluble in water and have rotation [a]^®+i92®, [M] +1625*8. The 
pure 1- and d-bromides are also red crystalline bodies containing no 
water of hydration. The rotation of these is higher than the value 
obtained when the salts are prepared directly from the amino-peroxo- 
compound, where some of the valency isomer is mixed with the am- 
monium salts. The rotations obtained are [a]^®±208°, [M]±1510'^. 

Optically active peroxo-salts may be transformed into /x-amino-ol- 
cobaltic salts. Thus, l-tetraethylenediamino-/x-amino-peroxo-dicobaltic 
salts yield d-tetraethylenediamino-jU,-amino-ol-salts and d-tetraethyl- 
enediamino-/x-amino-nitro-dicobaltic salts. In each case there is a 
change in sign from the ^a-peroxo-salts to the /x-amino-ol or /x-amino- 
nitro-dicobaltic salts, and a distinct diminution in rotation. 

Optically Active Dodecammino-hexol-tetra-cobaltic Salts. ^ — 
These salts may be resolved by means of bromo-camphor sul phonic acid. 
Dodecammino-hexol-tetracobaltic chloride is mixed with silver bromo- 
camphor sulphonate, whereby all the chlorine is precipitated as silver 
chloride and the solution treated with dilute acetic acid. The first crop 
of d-bromo-camphor sulphonate is laevo -rotatory, that from 1-bromo- 
camphor sulphonate dextro-rotatory. 

The highest rotation obtained is [a]— 620° in aqueous acetone. The 
active bromides are prepared by dissolving these salts in 50 per cent, 
acetone, adding small quantities of sodium bromide and diluting the 
solution with absolute alcohol. 

d- and 1 -bromides crystallise in reddish-grey powders with two 
molecules of water. The salts exhibit abnormal rotation dispersion. 
The highest rotations observed are [a]+4!446° and —4500°. 

AMMINO -DERIVATIVES OF NICKEL SALTS. 

Nickel, although closely resembling cobalt, shows much less tendency 
to form complex radicles, and there is no long series of stable ammino- 
nickel salts as in the case of cobalt. Further, the stable scries of ammino- 
derivatives of cobalt are those in which the metal is tri valent, whereas 
in the case of nickel the nickelic salts arc unknown, and the com|)iex 
ammino-derivatives are additive compounds of nickelous salts. 

The ammino-derivatives of nickel salts are therefore comparable 
with ammino-cobaltous salts. 

Nickel salts in aqueous solution are partially pre(*i})itate(l as basic 
salts on the addition of aqueous ammonia. The precipitate so formed, 
however, dissolves in excess of ammonia, yielding a blue liquid con- 
taining complex ammino-salts. In the dry state tlic salts ra])idly 
absorb ammonia gas, with formation of ammino -compounds. 

Ammino-derivatives of Nickel Nitrate. 

Tetrammino-nickel Nitrate, [Ni(NH 3 ) J(N 03 ) 2 .Il 20 , is obtained 
by the addition of ammonia to a solution of nickel nitrate and tlie 
addition of alcohol to the well-cooled liquid. The precipitated ammiiic 
crystallises in large transparent octahedra of a blue colour. It decom- 
poses in air with loss of ammonia, and falls to a bluish-white powder. 
On heating it melts, loses water and ammonia, leaving a residue of 
^ Werner, Ber., 1914, 47 , 3087. 
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nickel oxide. It is easily soluble in water, and the solution decomposes 
on warming.^ 

Hexammino -nickel Nitrate, [Ni(NH3)6](N03)2, ks prepared by 
the action of dry ammonia gas on anhydrous nickel nitrate.^ It is 
decomposed by water. 

If finely divided nickel is mixed with silver nitrate in presence of 
liquid ammonia at low temperature and ammonia allowed to evaporate 
spontaneously in absence of moisture, pale violet crystals of com- 
position Ni(N03)2.9NH3 separate. The substance decomposes on 
treatment with water, with formation of metallic hydroxide and evolu- 
tion of ammonia.^ 

Tetrammino -nickel Nitrite, [Ni(NH3)4](N02)2s is formed by 
the action of ammonia on a mixture of aqueous nickel sulphate and 
sodium nitrite at 22° C. After standing for some time a crystalline 
precipitate is deposited. The substance crystallises in small cherry -red 
monoclinic crystals which dissolve in cold water, forming a green solution. 
The solution soon becomes cloudy owing to decomposition of the salt. 
Even in moist air the salt decomposes, loses ammonia, and changes in 
colour. The colour of the compound is peculiar to this one salt, a fact 
remarked upon by Ephraim, who assumes for the compound a different 
constitution from the other nickel ammino-salts. He suggests the 

r (NH3)4i 

formula Ni for the substance.^ 

L (no3)J 

Pentammino -nickel Nitrite, [Ni(NH3)5](N02)2? i*^ produced by 
the treatment of the tetrammino-salt with dry ammonia gas. It is 
blue in colour like the other ammino-derivatives of nickel salts. 

Trihy drazino - nickel Nitrate , [Ni (N 2H 4 ) 3] (NO 3 ) 2- — Hy drazi n e 
may take the place of ammonia, yielding a derivative with properti(\s 
resembling those of the ammines.^ 

The substance is prepared by treating the tetrainmino-derivativc 
with 50 per cent, hydrazine hydrate on a water-bath ; ammonia is 
copiously evolved and the hydrazino-derivative is preci])itated. The 
precipitate is blue in colour, but the last of the prcci]:)itatc is alniost 
colourless. After washing with alcohol and ether it is obtained as a 
reddish-violet powder which is insoluble in water. It is more dilli- 
cult to decompose with hot water than the corresponding cobaltous 
compound. 

Ammino-derivatives of Nickel Fluoride. 

A compound of composition 5NiF2.6NII3.8H2O is produced wlum 
nickel carbonate is dissolved in hydrofluoric acid and the li(iuid trc'atcai 
with concentrated aqueous ammonia. The filtrate from the redaction 
is evaporated over jDotassium hydroxide, and on standing Jbr severai 
weeks a thick oil is formed, from which on dilution witli water and 
slight warming light green crystals separate. It is insoluble in cold 
water but decomposed by warm water.® 

^ Erdmann, J. prakt. Ohem., 1866, 97, 395. 

- Andree, Comjyt, rend., 1888, 106, 938 ; Ephraim, Btr., 1913, 46, 3101. 

^ Guntz and Martin, Bull. Soc. chim., 1910, 7, 313. 

^ Soret and Robineau, ibid., 1889, 2, 138 ; Ephraim, Ber., 1913, 46, 3101. 

^ Franzen and Mayer, Zeitsch. anorg. Ohem., 1908, 60, 26^ 

Bohm, ibid., 1905, 43, 334. 
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Ammino- derivatives of Nickel Chloride. 

Biltz and Fetkenheuer ^ report the existence of three ainmino- 
compounds, namely, hexammino-nickel chloride, [Ni(NH3)e]CU, di 
ammino-nickel chloride, [Ni(NH3)2]Cl2, and monammino-nickel chloride, 
[Ni(NH3)]Cl2. Triammino-nickel chloride, [Ni(NH3)3]Cl2, is also 
described. 

Hexammino-nickel Chloride, [Ni(NH3)6]Cl2. — Nickel chloride 
absorbs ammonia gas at ordinary temperature. Rise in temperature 
occurs and increase in volume. The hexammine is best pre 23 ared, 
however, from an aqueous solution of the salt, as when prepared from 
the dry salt and ammonia gas it is exceedingly bulky. Aqueous 
ammonia is added to a solution of pure nickel chloride until the nickel 
hydroxide first precipitated is almost dissolved. The liquid is filtered 
and a saturated aqueous solution of ammonium chloride containing 
ammonia added, and air drawn through the liquid. On the addition 
of a further quantity of ammonium chloride a precipitate forms, which 
is collected, washed with ammonium chloride and ammonia, and finally 
with alcohol containing ammonia. 

The hexammine prepared from the dry salt is almost white in colour, 
and on heating loses ammonia, leaving a residue of nickel chloride and 
metallic nickel. It dissolves in water, yielding a blue solution, from 
which is precipitated nickel hydroxide. Prepared in aqueous solution the 
substance forms a light blue powder, which may be crystallised from 
water containing ammonia in opaque violet octahedra. It is almost 
insoluble in concentrated aqueous ammonia and in ammonium-chloride 
solution containing ammonia. On heating to 120 ° C. it loses four 
molecules of ammonia.- 

The same ammine containing a half molecule of water, [Ni(NH3)6]Cl2. 
IH2O, may be obtained by slightly warming the anhydrous compound 
with aqueous ammonium chloride through which is passing a stream 
of gaseous ammonia, or by leading ammonia gas through a well-cooled 
suspension of nickel hydroxide in aqueous ammonium chloride. It 
crystallises in transparent violet-coloured octahedra. The hexammine 
is stable in cold water, but decomposes when the solution is heated. 

Triammino-nickel Chloride, [Ni(NH 3 ) 3 ]Cl 2 . 2 H 20 , is obtained 
in large octahedral crystals on dissolving the hexammine in water and 
slightly warming the solution.^ 

Diammino -nickel Chloride, [Ni(NH3)2]Cl2, is formed on heating 
hexammino-nickel chloride to 120 ° C. 

Monammino-nickel Chloride, [Ni(NH3)]Cl2, is also known, and 
is produced by the thermal decomposition of the hexammine. It is 
yellow in colour and decomposes completely at 373 ° C.^ 


Ammino -derivatives of Nickel Bromide. 

Hexammino-nickel Bromide, [Ni(NH3)6]Br2, is the best known 
of the ammino-derivatives of nickel bromide. It is obtained either by 
the action of dry ammonia gas on dry powdered nickel bromide, or by 

1 Biltz and Fetkenheuer, Zeitsch. mimg. Ohem., 1913, 83 , 163. 

“ Sorensen, ibid., 1894, 5 , 363. 

^ Andree, Oompt. rend., 1888, 106 , 937. 

Biltz and Fetkenheuer, ZeiUcli. anorg. CJierii., 1913, 83 , 163. 
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treatiiij^ a concentrated a(^iieous solution of the salt with excess of 
concentrated aqueous ammonia. A blue liquid is formed, from which 
a violet-coloured crystalline powder is precipitated on cooling. It 
crystallises in small, shining, violet octahedra, which lose ammonia on 
exposure to air. It is soluble in water, but if left in contact with excess 
of Avater, nickel hydroxide is precipitated and the liquid becomes deep 
blue in colour. 

The formation of the hexammino-derivative of nickel brorhide is 
characteristic, and gives a method for the purification of nickel com- 
pounds, for the corresponding cobaltous salt is much more soluble. The 
salt is almost insoluble in cold aqueous ammonia but soluble on heating 
the solution.^ 

Diammino -nickel Bromide, [Ni(NH 3 ) 2 ]Br 2 , is produced during 
the thermal decomposition of the hexammino-derivative. 

Ammino- derivatives of Nickel Iodide. 

Hexammino -nickel Iodide, [Ni(NH 3 ) 6 ]l 2 , may be prepared by 
passing ammonia gas into a saturated aqueous solution of nickel iodide. 
A light blue precipitate is formed, which on warming almost dissolves, 
yielding a blue liquid. From this on cooling and addition of alcohol 
the hexammino-derivative is precipitated as a light blue crystalline 
powder.^ It crystallises in glistening blue octahedra and loses ammonia 
on exposure to air, becoming greenish brown in colour. It is soluble in 
water, with formation of nickel hydroxide. 

Tetrammino-nickel iodide is claimed to be formed when slightly 
heated nickel iodide is exposed to the action of ammonia gas. The 
substance swells up and a yellowish-white powder is left.^ 

Diammino -nickel Iodide, [Ni(NH 3 ) 2 ]l 2 j is produced by the 
thermal decomposition of the hexammino-derivative. From the 
researches of Biltz and Fetkenheuer, ^ by thermal decomposition of 
the hexammino-derivative only the existence of the hexammine and 
the diammino-derivative are indicated. 

By preparing ammino -derivatives of nickel iodide in presence of 
mercuric iodide, complex substances containing mercuric iodide arc 
formed. Depending on the proportions of mercuric iodide to nickel 
salt and the amount of ammonia present, four different compounds arc 
formed, namely, [Ni(NIT 3 ) 4 ]l 2 .Hgl 2 . 4 H 20 ; [Ni(NIT 3 ) 6 ]Io.HgIo. 8 rDO ; 

[Ni(NH3)4]l2.2Hgl2.2H20 ; and [Ni(NH3)e]l2.2Hgl2.8H20. 

The first two compounds are produced when excess of nickel salt is 
used, the two latter substances when excess of mercuric iodide is used. 
The tetrammino-derivatives are produced if only a small quantity of 
free ammonia is used, and the hexammino-salts when a more concentrated 
solution of ammonia is employed. 

The first two compounds are greenish blue, the latter are light violet 
in colour. All are crystalline, and separate in star-like crystals. In 
concentrated solution the separation of the compounds is almost 
quantitative.^ 

1 Eammeisberg, Pogg. Annalen, 1842, 55, 69 ; Richards and Cushman, Zeitsch. anorcf. 
Ghern,, 1898, 16, 175. 

^ Erdmann, J". ^raht. Ghem., 1840, 19, 445. 

^ Rammelsberg, Pogg. Annalen, 1839, 48, 119. 

^ Biltz and Eetkenheuer, Zeitsch. anorg. Chem,., 1913, 83, 163. 

® Ephraim and Mosimann, Per., 1921, 54, 398, 
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Dihydrazino -nickel Chloride, [Ni(N2H4)o]Cl2, is produced by 
mixing a hot aqueous solution of nickel chloride with 50 per cent, 
hydrazine hydrate, when a bluish-white precipitate separates which is 
washed with water and dried in vacuo. The substance is a bluish-white 
powder which is soluble in ammonia and in dilute acids. ^ 

Trihydrazino -nickel Chloride, [Ni(N2H4)3]Cl2, is obtained by 
treating hexammino-nickel chloride with 50 per cent, aqueous hydrazine 
hydrate. On heating the mixture ammonia is evolved, and the hydra- 
zino-salt precipitated as a violet crystalline powder which dissolves in 
dilute acids, giving a blue solution. The corresponding hydrazino- 
compounds of nickel bromide are prepared in the same manner from 
nickel bromide and hexammino-nickel bromide. They are crystalline 
substances, and resemble the chlorides in appearance and in reactions. 

Ammino -derivatives of Nickel Sulphate. 

Hexammino-nickel Sulphate, [Ni(NH3)g]S04. — Anhydrous nickel 
sulphate rapidly absorbs ammonia gas, heat is developed, and a bulky 
white powder produced of composition NiS04.6NH3. It is soluble in 
water, forming a blue solution and a precipitate of green nickel hydroxide. 
The solid when heated decomposes with loss of ammonia.^ 

Two other ammino-derivatives are known, namely, pentammino- 
dinickel sulphate and tetrammino-nickel sulphate. 

Pentammino- dinickel Sulphate, [Ni2(NH3)5](S04)2.7ll20, is 
produced when a stream of ammonia gas is passed through a cooled 
aqueous solution of nickel sulphate. A bulky precipitate forms, which 
goes into solution on slight warming, and separates on cooling in large 
pale violet needles which deliquesce on exposure to moist air.^ 

Tetrammino-nickel Sulphate, [Ni(NH3)4]S04.2H20, is deposited 
from the deep blue solution obtained by dissolving nickel sulphate in 
concentrated aqueous ammonia on cooling or on standing in vacuo over 
sulphuric acid. It crystallises in transparent dark blue rectangular 
prisms which decompose on exposure to air, yielding a light blue powder, 
and on heating lose ammonia and sulj^hur dioxide, leaving basic nickel 
sulphate. The substance is soluble in water, forming a deep blue solution, 
which on heating loses ammonia. It is insoluble in alcohol.'^ 

Hexammino-nickel Sulphate Potassium Iodide, | Ni(NH 3 )Q]S 04 . 
2 KI, is produced when a 20 per cent, aqueous solution of nickel sul[)hatc 
is gradually added to concentrated aqueous ammonia saturated with 
potassium iodide. The substance separates as a violet microcrystalline 
powder. The corresponding potassium bromide and potassium chloride 
additive j^roducts are obtained on saturating the aqueous ammonia 
solution with potassium bromide or iodide respectively. The salts 
are hygroscopic, and tend to lose ammonia with substitution of water, 
and subsequent change in colour from violet to green. In the case of 
the nickel halides such additive compounds arc not obtained, but instead 
the simple hexammino-nickel halide is formed, thus giving a further 
method for the preparation of these ammines.*'' 

Hexahydroxylamino-nickel Sulphate, [Ni(NH 20 II)(j]wS 04 , is pro- 

^ Franzen and Mayer, Zeitsch. ivnonj. Ghem., 1908, 6 o, 262. 

- Rose, Fogg. Annalen, 1830, 20 , 151. 

^ Andree, Gompt. rend., 1888, io 6 , 937. 

^ Erdmann, J. praht. Ghem., 1836, 7 , 264. 

^ Poma, Atti R. Accad. Lined, loio, 19 , 223. 
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ducecl by the addition of hydroxylamine to a cold saturated aqueous 
solution of nickel sulphate. A red solution is obtained from which 
crystals separate on standing or on the addition of alcohol. The red 
compound loses colour on moistening with water and a white powder 
is produced. On heating, the substance swells up, turns blue, then red, 
and finally becomes almost white.^ 

Trihydrazino -nickel Sulphate, [Ni(N2H4)3]S04, is formed by 
adding hydrazine hydrate to an aqueous solution of nickel sulphate to 
which ammonia has been added. On warming the clear liquid on a 
water-bath the hydrazino-derivative gradually separates as a reddish- 
violet powder. This is washed with water and dried in vacuo. From 
analysis the compound appears to contain some water of hydration.^ 
Other salts of nickel also absorb ammonia. The hexammine of 
nickel perchlorate, [Ni(NH3)6](C104)2, may be mentioned, as this 
substance has been suggested as a delicate test for nickel.^ 

It is obtained as a violet precipitsite when ammonium perchlorate is 
added to an aqueous ammoniacal solution of a nickel salt. The com- 
pound is fairly stable but decomposes on heating above 110° C. It is 
soluble in concentrated aqueous ammonia and decomposes slightly on 
washing with water or with alcohol. Used as a qualitative test for nickel, 
it is capable of detecting one part of the metal in 7700 parts of water, 
so that it is not such a delicate test for nickel as the dimethylglyoxime 
test.^ 

^ Uhlenhutli, Annalen, 1899, 307, 334. 

^ Franzen and Mayer, Zeitsch. anorg, CTiem., 1908, 60, 265. 

® Salvador!, Gazzetta, 1912, [1], 42, 458 ; Neusser, Oesterr. Chem. Zeit., 1924, 27, 54. 

^ See Vol. IX., Part II., p. 134, of this series. 
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THE METAL-AMMINES OF RUTHENIUM, RHODIUM, 
AND PALLADIUM. 

All three metals of this group give rise to ammino-derivatives the com- 
positions of which, however, differ considerably. The ammino-deriva- 
tives of ruthenium mostly contain a nitroso-group as well as ammonia ; 
the amniino-derivatives of rhodium salts closely resemble the cobalt- 
ammines ; and the ammi no -derivatives of palladium salts correspond 
to the ammino-derivatives of platinum salts. 

AMMINO-DERIVATIVES OF RUTHENIUM SALTS. 

Ammino-derivatives of ruthenium salts are of two classes, namely, 
those formed by the addition of ammonia to simple ruthenium salts, 
and those formed where ruthenium, ammonia, and nitroso-group con- 
stitute the basic radicle. The first class is small, the second contains 
a series of derivatives comparable with the ammino-derivatives of 
])latinum. 

Class /. Ammino-derwatives of Ruthenimn Halides, 

Heptammino -diruthenium Chloride, [Ru 2 (NH 3 ) 7 ]Cl 6 , is produced 
when anhydrous ruthenium chloride is exposed to the action of dry 
ammonia gas at ordinary temperature. Heat is developed during 
absorption, and increase in volume takes place. Absorption takes place 
most readily if the reacting substances are kept at 0° C. The substance 
is a deep violet-coloured powder which is partially soluble in water, 
giving an intense violet-red liquid ; solution is only complete, however, 
if the solvent is saturated with ammonia. Apparently decomposition 
takes place during solution, for if finely divided anhydrous ruthenium 
ehloricic be added in successive small quantities to aqueous ammonia 
at 0° C. and the mixture heated for some little time at 40° C., a deep red 
solution is obtained from which separate, when sufficiently concentrated, 
small crystalline leaflets of composition 2RuCl2(0H)2.7NH3.2H20. The 
liydroivy-cJdoride so formed is brown, with a somewhat metallic lustre, 
cine ])art of the substance in 10,000 parts of water yields an intense 
red colour. The dry salt is stable in dry air, but the aqueous solution 
deeornjioses slowly on exposure to light, with precipitation of brown 
ruthenium sesquioxide, the decomposition being more rapid on heating.^ 

The corresponding heptammino-diruthenimn bromide, [Ru 2 (NH 3 ) 7 ]Brg, 
and Iieptammino-diruthenium iodide, [Ru 2 (NH 3 ) 7 ]I(j, are prepared in the 
same way by the action of ammonia gas on the bromide and iodide 
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respectively. They are insoluble in alcohol, and have similar properties 
to the chloride.^ 


Class II, The Animino-derivatives of Ruthenium Salts containing 

a Nitroso-group, 

The first research on these compounds was carried out by Claus, ^ 
who described two classes of ammino- derivatives obtained from 
ruthenium di chloride, namely, those obtained from the hydroxide, 
Ru(NH 3)4(OH)2, and those from the hydroxide of composition 
Ru(NH 3)2(OH)2- These compounds were examined later by Joly,-*^ 
who showed that they contained, besides ammonia and hydroxyl group, 
a nitroso-group linked to ruthenium, giving rise to the trivalent group 
(RuNO). He termed them ruthenium nitroso-ammonium compounds. 
These containing two molecules of ammonia were represented by the 
formula Ru(NH3)2N0(0H)3.H20, and those containing four molecules 
of ammonia in the molecule by the formula Ru(NH3)4NO.OH.R2 (where 
R represents a monovalent acidic radicle). 

The first group is small, and no crystalline derivatives have been 
obtained from it. 

The second group was further divided into : 


( 1 ) Derivatives containing the divalent group, [OH.Ru.NO(NH3)4]". 

( 2 ) Derivatives containing the trivalent group, [Ru.NO(NH3)4l'". 


From these groups numerous crystalline derivatives have been 
prepared. 

In 1907 Werner ^ confirmed Joly’s views that the substances contain a 
nitroso-group, and regarded them as derived from tetravalent ruthenium. 
They are hydroxo-nitroso-tetrammino-ruthenium salts of general 
rOH. “1 


formula 


Ru(NH3) 

NO. 


R2* 


■ The co-ordination number of the substances is six, and they 
may be compared with the ammino-platinum compounds of formula 
[R2Pt(NH3)4]R2. 

A series of ruthenium compounds has been obtained by replacing 
ammonia by ethylenediamine in the complex. These bring ruthenium 
completely into line with the other metals of the })latinum group as 
far as co-ordination number is concerned. 

The nitroso-derivatives of ruthenium may be divided into five 
classes : 


1. Hydroxo-nitroso-tetrammino-ruthenium salts. 

"OH. “I 

Ru(NH3)4 1^2. 

NO. 

2 . Hydroxo-nitroso-diethylenediamino -ruthenium salts. 
"OH. 

Ru euo 

NO. 


General formula 


General formula 




1 Gut bier and Trenkner, Zeitsch. amrg. Chem., 1905, 45, 166. 
“ Claus, Annalen, 1856, 98, 317. 

2 Joly, Cornet, rend., 1889, 108, 1300 ; 1890, iii, 969. 

* Werner, Ber., 1907, 40, 2614. 



MBTAL-AMMINES OB RUTHENIUM, RHODIUM, AND PALLADIUM. 195 

3. Acido-nitroso-tetrammino-ruthenium salts. 

'R. 

Ru(NH3), |R,. 

NO. 


General formula 


4. Diacido-nitroso-tetrammino-ruthenium salts. 


General formula 


■Ra'. 

NO. 


Ru(NH3), 


R. 


5. Aquo-nitroso-tetrammino -ruthenium salts. 
■H3O. 

Ru(NH3), 

NO. 


General formula 


R 3 . 


The starting material for the preparation of these salts is ammonium 
or potassium nitroso - pentachlororuthenate, | Ru 


Ru 


Cls' 

i 

NO 


NO 


(NH 4 ). 


or 


Kg. The latter is most conveniently prepared by evaporating 


ruthenium chloride with concentrated nitric acid, dissohung the residue in 
hydrochloric acid, and precipitating with potassium chloride, when red- 
dish-blue crystals of potassium nitroso-pentachlororuthenate separate. 

1. Hydroxo -nitroso -tetrammino -ruthenium Salts. 

Hydroxo-nitroso-tetrammino-ruthenium Bromide, ^ 

~OH -\ 

Ru(NH 3)4 Br^, 

_NO 

is obtained by dissolving potassium nitroso-pentachlororuthenate in 
cold water, mixing with concentrated aqueous ammonia, and heating 
the resulting reddish-violet solution on a water-bath till the colour of 
the liquid changes to brownish yellow. Thereafter a concentrated 
aqueous sohition of potassium bromide is added and a yellow crystalline 
precipitate of the bromide separates, or the substance may be separated 
Croin solution by mixing the well-cooled ammoniacal solution with an 
(‘cpial volume of concentrated hydrobromic acid, when the reaction 
product separates in golden-yellow leaflets. These contain some aquo- 
sjilt, which is transformed into the hydroxo-salt by washing with water. 
The crude i^roduet is recrystallised from 15 per cent, acetic acid. The 
bromide is somewhat sparingly soluble in pure water with neutral 
reaction, more easily soluble in water containing mineral acids, and less 
soluble in acetic acid than in pure water. 

on. 


The iodide, 


NO. 


Ru(NH3)4 


1 2 , is prepared from the bromide by 


mixing a saturated aqueous solution with half its volume of saturated 
aqueous potassium iodide. The salt is precipitated as a yellow-brown 
crystalline powder, which is filtered and washed with alcohol and ether. 
It is more sparingly soluble in water than the bromide, and again less 
soluble in acetic acid than in pure water. 

^ Werner, Ber., 1907, 40 ^ 2614, 
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The chloride. 


OH. 

NO. 


Ru(NH3)4 


Cl 2, may be prepared by the direct 


Cl 3, by 


action of ammonia on ammonium nitroso-pentachlororuthenate/ or from 

TH^O. 

aquo-nitroso-tetrammino-ruthenium chloride, Ilu(NH3 

Lno. 

shaking it with alcohol. The red colour of the aquo-salt changes to 
lemon yellow, and from this the chloride is separated as a yellow 
crystalline powder which is more soluble in water than the bromide. 

~OH. n 

Ru(NH 3)4 |(N03)2, is obtained by rubbing aquo- 


The nitrate, 


NO. 


nitroso - tetrammino - ruthenium nitrate with alcohol, whereby the 
reddish-yellow aquo-salt is transformed into a yellow crystalline powder. 
It is then filtered and treated with more alcohol. The transformation 
is complete when the alcohol washings are no longer acid in reaction. 
^OH. 

Ru(NH3)4 
NO. 


The sulphate, 

OH. 


SO and the c a r h o n a t e. 


NO. 


Ru(NH 3)4 


CO 3, have also been prepared. 


These hydroxo-salts are all sulphur-yellow crystalline sul)stanccs. 
The acid residues are hydrolysable and hence outside the co-ordination 
complex, and the aqueous solutions, unlike the hydroxo-salts of chromium- 
and cobalt-ammines, are neutral to litmus, a faet whieh Werner suggests 
is due to the smaller tendency of the hydroxo-radicle attached to 
ruthenium to combine with hydrogen ions. This tendency is mu(*h 
less than in the case of the ammines of cobalt and chromium, but that 
it still exists is indicated by the increased solubility of these liydroxo- 
compounds in water acidified with mineral acids, and from su(*h solutions 
aquo-nitroso-tetrammino-ruthenium salts are obtained thus : 


rOH. 


rH^o. 

RulNHg), 

Ra+HR 

Ru(NII.j), 

Lno. 


NO. 


The true nature of the hydroxo-compounds is further [iroved by 1 1 k‘ 
fact that the halogen salts are less soluble in acetic acid than in pure water, 
hence acetic acid is not a sufficiently strong acid to form aquo-salts. 

On treating the halogen salts with silver oxide an aqueous solution 

roH. 


of the free base of the series. 


Rii(NH3)4 

NO. 


(011)2, obtained. 


The 


liquid is very strongly basic, and on evaporation it decomposes, leaving a 
brown residue which is probably nitroso-tribydroxo-dianiniino-rutliermivu 

r(OH)3: n 


Ru(NH3)2 

NO. 


The properties of this substance have not been investigated.- 
^ Joly, Compt. rend., 1889, 108, 1301. 

2 Joly, ibid., 1889, 108, 1300; Werner, Ber., 1907, 40, 2616; sec also Vol. IX., 
Part I, p. 150, of tMs series. 
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2. Hydroxo-nitroso-diethylenediamino-ruthenium Salts. 
Hydroxo-nitroso-diethylenediamino -ruthenium Iodide, 

OH. 

Ru euo 

^NO. 

is prepared from hydroxo-nitroso-tetrammino-ruthenium bromide by 
warming it with 10 per cent, ethylenediamine solution, cooling the 
liquid, and then mixing it with potassium iodide. The crude diethylene- 
diamino-iodide separates, mixed with some colloidal ruthenium. The 
salt is purified by dissolving in water and partly precipitating with 
silver nitrate to remove impurity. The filtrate is then treated with 
potassium iodide and the iodide thereby precipitated. It crystallises 
in golden-yellow leaflets.^ 

roH. 

The hr 0 mule, | Ru eiig Br2, crystallises in thin yellow prisms ; 


the chloride, 


Ru en 

NO. 

OH 

Ru Clio 
NO 


Cl 2, in yellow needles ; and the nitrate. 


OH. 


NO. 


Ru C1I2 


(NO 3)0, in dark yellow prisms. 


Salts have l)een [irepared with optically active camphor sulphonic 
acids. These also are yellow crystalline bodies, but no resolution of the 
base lias been ciTected. d-Camphoric acid, d-tartaric acid, and d-nitro- 
camplior compounds weve also ])rcparcd, and again no resolution was 
effected, lienee it is eoneluded that the hydroxo- and nitroso -groups 
arc proliably in tlui 1-, (>-, or tmn.9-position. 


:L Acido-nitroso-tetrammino-ruthenium Salts. 
Ghloro-nitroso-tetrammino -ruthenium Chloride, 


C![. 


NO. 


Ru(Nll3), 


04. 


llyclr()xo-nilr()S()-lelra,nmnno-rutlieiuum bromide is dissolved in. Jiot 
water, an e([ual voliinu^ of concentrated hydrochloric acid added, and 
the mixtiuH^ evaporaUxi on a w^atcr-hath. After some time a pale flesh- 
coloured, sparingly soluble powder separates. 

C'l 

,Ru(Nll3), 

.^NO 

is precapitatial from a solution of the ehioride on the addition of 
cliloroj)!atinous acid.- 
Cl. 

Ru(Nl [3)4 llo, is precipitated in almost quantitative 


T 1 ic cl do ro j) I a till i (e, 


PtC4, which is sparingly soluble, 


Tile iodide. 


NO. 


^ VV’erner and jSmirnoF, Uclo. Chim. Acla.^ 1920, 3> 
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yield by dissolving the chloride in warm water and filtering the solution 
into, a concentrated aqueous solution of potassium iodide. It separates 
in fine yellow crystalline leaflets. 


rci. 


The nitrate, 


Ru(NH3)4 


(NO 3) 2, is obtained from a 


concen- 


NO. 


trated aqueous solution of the chloride on treatment with concentrated 
acid as a finely crystalline orange-yellow precipitate. It is sparingly 
soluble in water, and the cold aqueous solution gives no precipitate 
of silver chloride on the addition of silver nitrate. Thus showing that 
the chlorine in the compound is within the complex and therefore not 
ionised in solution. 

Bromo-nitroso-tetrammino -ruthenium Bromide, 


PBr. 

Ru(NH3)4 

NO. 



is prepared from aquo-nitroso-tetrammino-rutheniuin bromide oji 
heating with excess of hydro bromic acid for several hours. The reddish- 
yellow aquo-salt changes to flesh colour, and a sparingly soluble crystal- 
line powder separates. This is filtered from the liquid and the filtrate 
cooled, when small orange-red crystals of the bromide separate. The 
salt is sparingly soluble in water, yielding a slightly red solution. The 
bromine atom in the complex is very firmly held, for, even on warming 
for several hours with silver nitrate, only a little more bromide than 
the amount corresponding to the two ionisable bromide atoms is pre- 
cipitated as silver bromide. 

I'Br. n 


The iodide, 


Ru(NH3)4 

NO. 


I2, 


is obtained on decomposiu.!,' tlio 


bromide with a concentrated solution of potassium iodide. It sej)aratcs 
as a yellowish-orange crystalline powder which is sparingly soluble in 
water. 


The nitrate, 


Br. 


NO. 


Ru(NH3), 


(N03)2, is produced by rubbing the 


bromide with concentrated nitric acid. It is a glistening brownish-red 
crystalline substance, and is more soluble in water than the bromide. 

Br. 


The sulphate. 


NO. 


Ru(NH3 ), 


SO4, is veryj soluble in water ami 


cannot be precipitated by sulphuric acid. It is therefore prepared 
by the addition of the calculated quantity of a saturated aqueous 
solution of silver sulphate to a cold saturated solution of the bromide. 
The silver bromide is filtered from the liquid and the filtrate concen- 
trated till separation of the salt takes place. It is a brownish-yellow 
crystalline powder. 

Nitrato-salts of the same type as the chloro- or bromo-salts have 
also been prepared. ^ The salts of the acido-nitroso-tetrammino- 
ruthenium type are typical acido-ammino-derivatives. 


^ Joly, Oonipt. mild., 1890, iii, 971. 
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4. Diacido-nitroso-tetrammino-ruthenium Salts. 


These are represented by the sulphato-nitroso-tetrammino-ruthenium 
salts. 

Sulphate -nitroso-tetrammino -ruthenium Sulphate, 


rso^. 

Ru(NH 3), 

NO. 


so„ 


is obtained from chloro-nitroso-tetrammino-ruthenium chloride by 
evaporation with a slight excess of sulphuric acid. The compound 
separates in small orange needles and decomposes on addition of water, 
giving a sparingly soluble residue. On dissolving this in warm water 
a neutral solution is obtained, from which long needle-shaped crystals 
of composition [NORu(NH3)4]2(SO4)3.10H2O, separate on cooling. 


5 . Aquo-nitroso-tetrammino -ruthenium Salts. 


The aquo-salts are extremely easily hydrolysed, and even moisten- 
ing with water causes them to decompose, with formation of the less 
soluble hydroxo -salts. Alcohol also causes hydrolysis of the com- 
pounds. The behaviour of the salts towards water resembles that 
of the diaquo-dipyridino-diammino-cobaltic salts. Thus, the bromide. 


HgO pya 

Co 


Br3, is almost as easily transformed into the hydroxo- 


LH 2 O (NH3)2J 

salt as are these aquo-nitroso-tetrammino-ruthenium salts. The two 
reactions may be represented thus : 


■140. 


"OH 

>Ru(NIl3), 

R3-— HR+ 

Ru(NH3)4 

NO / 


NO 


llgOv 

>Co< 

.l-IaO/ ^(NH3)a_ 




OH s 

>Co: 

HaO/ '^(NH 


3 / 2 - 


Bi'o 


Aquo-rutheuium salts, therefore, cannot be washed with alcohol or 
water, as both reagents cause hydrolysis. They may, however, be 
washed with absolute ether or with acetone without causing any change. 
Like all aquo-ammino-metallic salts, these compounds may be caused 
to lose water, passing thereby into acido-tetrammino -salts, where one 
acidic radicle enters the complex thus : 


H2O. 


'R. n 

Ru(NH3), 

R3-->Il30 + 

Ru(NH3), 

NO. J 


NO. 


Aquo -nitroso -tetrammino -ruthenium Bromide, 


IT2O 

Ru(NH3) 

NO 


Br3, 


is produced from hydroxo-nitroso-tetrammino-ruthenium bromide by 
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treating it in aqueous solution with concentrated hydrobromic acid. 
On cooling and adding a further quantity of acid, reddish-yellow 
crystalline leaflets separate. The crystals effloresce quickly in air, 
and become opaque on treatment with water or alcohol due to hydro- 
lysis. They dissolve in water, yielding a strongly acid solution, and in 
excess the substance is completely transformed into the hydroxo-salt 
again. 


The nitrate^ 


rHgO 

'Ru(NH3)4 


(N03)3, is prepared from the hydroxo- 


NO 


bromide by mixing a saturated solution slowly with concentrated nitric 
acid. On standing, a crystalline precipitate of fine golden-yellow 
leaflets is produced. This is filtered and washed free from acid with 
acetone and ether. If shaken with water a yellow precipitate of the 
hydroxo-salt separates, and at the same time the water becomes strongly 
acid in reaction. 


The chloride, 


rH^o 

Ru(NH3), 

NO 


CI3.HA is produced in the same way 


by treating hydroxo-nitroso-bromide with concentrated hydrochloric 
acid. If potassium bromide or iodide or ammonium nitrate be added 
to a solution of this salt, the corresponding pure hydroxo-nitroso- 
tetrammino-salt is precipitated. On heating it loses water and hydro- 
chloric acid, and yields a mixture of chloro-nitroso-tetrammino-ruthenium 
chloride and hydroxo-nitroso-tetrammino-ruthenium chloride. 

Complex ruthenium salts containing pyridine have been prepared.^ 
They are very stable, and have been resolved into their optical isomerides. 


P otassium dioxalato -nitroso -pyridino -Ruthenate , 


py C2O4 

Ru 

NO CgO^^ 


K.4H2O, 


is formed by the action of potassium oxalate and pyridine on potassium 
nitroso -pentachlororuthenate. It crystallises in large red triclinic, 
prisms. If treated with hydrochloric acid at 100° C. tlie oxalato-groups 


are replaced by chlorine, yielding the salt, 


rpy ci^- 

Ru 


K, and tliis on 


_NO Cl2_^ 

treatment with more pyridine passes into nitroso-pyridino-dicliloro- 
"py Cl 2 “I 

Ru , which may be transformed by means 

NO OH 


hydroxo-ruthenium, 


of hydrochloric acid into the trichloro-derivative, 


py 

NO 


Cll 

RuCl 


Cl 


Potassium dioxalato-nitroso-pyridino-ruthenate yields with quinine 
hydrocliloride two isomeric quinine salts, a dextro- and a hevo-modi- 
fication, which differ in solubility. The isomers are separated by 
fractional crystallisation. The dextro-salt is the less soluble, and crystal- 
lises in long needles with rotation of [a]D-t -252 in a solution of equal 
volumes of alcohol and chloroform. The hcvo-salt is more soluble, 
^ Cliaronnat, Commit, rend., 1924, 178, 1423. 



METAL- AMMINES OE RUTHENIUM, RHODIUM, AND PALLADIUM. 201 

and crystallises in smaller needles with rotation of [a]D"~ 346 . The 
active salts may be kept at ordinary temperature for some time with- 
out racemisation. 

The corresponding ammonium salts are obtained from the quinine 
salts by treating them with ammonia in an alcoholic chloroform solution. 
They are viscous^ substances with rotation of an ± 425 . On mixing 
equivalent quantities of the two active salts in solution a crystalline 
racemate is produced. Alkali or alkali carbonates decompose the salts, 
so that the sodium or potassium salt cannot be produced by decomposing 
the quinine salts with these reagents. 

Other active salts have been prepared, such as the pyridine salts and 
the quinidine salts. 

Ruthenium may therefore be placed among the elements which form 
optically active compounds due to asymmetry of the molecule. 

AMMINO-DERIVATIVES OE RHODIUM SALTS. 

The ammino -rhodium compounds resemble closely the corre- 
sponding cobalt and chromium derivatives. 

The first compound of the ammino-rhodium series examined was 
chloro-pentammino-rhodium chloride, [Rh(NH3)5Cl]Cl2, which was 
preiiared by treating rhodium trichloride with ammonia. Claus ^ 
investigated the composition of the substance and prepared from it, 
by means of moist silver oxide, a strongly basic substance, which proved 
to be the corresponding hydroxide, [Rh(NH 3)50!] (011)2. 

Jorgensen, to show the analogy of the compounds with those of 
cobalt and chromium, suggested the names lutco-rhodium, purpureo- 
rhodium, and roseo-rhodium compounds, although the ammino- 
derivatives of rhodium are colourless. 

The nomenclature now adopted is the same as that of the other 
metal-ammincs, and denotes the number of ammino -groups, acidic, 
water, or other groups in the molecule. 

The substances may be classified into three main groups : 

(1) IleivMfnniino-rhodium luteo-salts, [Rh(NH3)(}]R3. 

( 2 ) .1 cido-'peiitanimirio-rhodi^^^^^ salts, 'piirpureo-salts, [Rh ( Nil 3 ) 5 RJ il o. 

( 3 ) Aquo-peiitaaimiao-rhodium salts, roseo-salts, [Rh(NH3)5H20]R3. 

1 . flemynmino-rhodiiim Salts, [Rh(NH3)6]R3. 

The salts of this scries are colourless crystalline bodies which are 
soluble in water. They arc stable compounds, and resemble in many 
respects tlic a(pio-])eutammino-salts. They may be distinguished from 
the latter by tlic ease with which they react with sodium pyrophosphate, 
forming a very sparingly soluble pyrophosphate. Also, they do not 
form acido-|)cntammino-salts on heating. 

Ilexammino “rhodium Chloride, [Rh(NH3)c]Cl3, may be obtained 
by heating chloro-pentammino-rhodium chloride in a closed vessel at 
100° (-. for some time, when, on addition of hydrochloric acid to the 
cooled mixture, the anhydrous salt • is precipitated. It crystallises 
from liot concentrated hydrochloric acid in the anhydrous form, or, 
Ij’om hot dilute acid, with two molecules of water of hydration. The 
anliydrous salt crystallises in colourless rhombic plates or compact 
1 Claus, J. 'prakt. Chem., 1854, 63, 99. 
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needle-shaped crystals. The hydrated salt separates in large elUorescent 
prisms. Both salts are soluble in water and insoluble in hydrochloric 
acid, and treatment for a long period with concentrated acid on a water- 
bath gradually converts the salt into chloro-pentammino-rhodium 
chloride. It forms characteristic salts with mercuric chloride, potassium 
dichromate, and platinic chloride, which resemble those formed with 
cobalt and chromium hexammines.^ 

The bromide, [Ilh(NH3)6]Br3, is prepared by the addition of concen- 
trated hydrobromic acid to a solution of the chloride or the nitrate. 
It crystallises in thin hexagonal plates, and is less soluble than the 
chloride, which it resembles in reactions. 

The nitrate, [Rh(NH3)6](N03)3, may be obtained by dissolving 
hexammino-rhodium sodium pyrophosphate, [Rh(NH3)6].Nal^2^7? 
a small quantity of hydrochloric acid and adding dilute nitric acid, 
when an acid nitrate is precipitated. This reverts to the normal salt 
on washing with water, giving a snow-white crystalline powder con- 
sisting of small rhombic plates. If crystallised Ifom hot water it may 
be obtained in larger crystals. It is sparingly soluble in water, almost 
insoluble in nitric acid, and repeated evaporation of the substa/iicc with 
hydrochloric acid transforms it into the chloride. 

The acid nitrate, [Rh(NH3)6](N03)3.HN03, crystallises in long colour- 
less needles, and is decomposed into the normal salt on treatincnt with 
water or alcohol.^ 

The sulphate, [Rh(NH3)6]2(S04)3.5H20, is prepared from the 
chloride by decomposing it with freshly precipitated silver oxide and 
water. The strongly alkaline liquid obtained contains the hydroxide, 
[Rh(NH3)6](OH)3, which is made faintly acid with sulphuric acid, 
evaporated to half its bulk, mixed with 60 per cent, alcohol, and allowed 
to stand at ordinary temperature for twenty-four hours. Tlui salt 
crystallises in long lustrous needles and is soluble in water. 

The sodium pyrophosphate, [Rh(NH3)(5]NaP2^7d2l[20, is obtained 
as a silky white crystalline precipitate on the addition of sodium |)yro- 
phosphate to a dilute solution of neutral hcxanmiiuo-rhodiuni sail. 
It crystallises in small hexagonal prisms or rhombic })lates and is 
almost insoluble in water. 

Ammonia may be replaced by cthylencdiamine in tlic hexa,imnino- 
salts, giving rise to the triethylenediamino -rhodium salts. Th<‘se arc 
completely analogous to the tricthylenediamino-salts of co})alt. 

Triethylenediamino-rliodium Chloride, [Rh. en3]Cl3.2.VIl20, is 
formed by the interaction of ethylenediamine monohydratc and sodium 
hexachlor-rhodite thus : 

8C2H4(NH2)2+[RhCl6]Na3-^-->[Rh(C2H4(NH2)2)3]Cla+^^Na(,!l. 

The substance so produced, even after repeated crystallisation from 
water, still contains sodium chloride, with which it appears to b(; iso- 
morphous. The pure chloride is best prepared by treating a solution 
of the crude salt with solid sodium iodide, whereby it is transformed into 
the iodide. The iodide is recrystallised, and is tlicn converted info 
the chloride by shaking the aqueous solution with freshly preeipitatcal 
silver chloride. It crystallises in transparent cubes or in small glisten- 
ing needles, and loses 2|- molecules of water on heating to 120-' C.-^ 

J Jorgensen, J, praJet. Ghein., 1891, 44, 48. ^ Jorgensen, ibid., 1891, 44, ():> 

^ erner, Ber., 1912, 45, 1228. 
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Jaeger ^ states that the substance crystallises in strongly refractive 
prisms containing three molecules of water. 

The iodide, [Rh eugjlg.llH^O, is prepared by the above method 
from the impure chloride. It is soluble in water, and crystallises from 
aqueous solution in transparent rhombic crystals. 

The thiocyanate, [Rh en 3 ](SCN) 3 , is formed from the iodide by treat- 
ing it in aqueous solution with potassium thiocyanate. It separates 
in crystalline aggregates which always contain a little iodide. 

This series of compounds, reasoning from analogy with the cobalt- 
and chromium-ammines, should exist in optical isomers. This has 
been proved to be the case by the resolution of the chloride.^ The 
rotatory power of the rhodium salts is of opposite sign to that of cobalt 
and chromium salts, and from consideration of the various optically 
active compounds which have been obtained, Werner draws the con- 
clusion that those asymmetrical isomers which give the less soluble 
salts with the same active acid have corresponding configurations. 
Cobalt- and chromium-ammines give sparingly soluble d-isomers, whilst 
rhodium-ammines give sparingly soluble 1-salts, so that rhodium has an 
optical effect opposite to that of cobalt and chromium. The rotatory 
power of these triethylenediamino-rhodium salts is of the same order 
as that of the corresponding chromium or cobalt compounds. The 
rotation dispersion of the active rhodium salts is small, so that white 
light may be used in optical measurement. 

The resolution of the salts was accomplished by means of sodium 
d-camphor nitronate or by the action of chloride with tartaric acid. 
In each case the 1-salt separated first, leaving the d-salt in solution in 
the mother-liquor. 

1 - Triethylenediamino - rhodium d - camphor Nitronate, 
[Rh en 3 ][NOo.CioHi 40]3 is prepared by treating an acpeous solution 
of triethylenediamino-rhodium chloride with a solution of sodium 
d-camphor nitronate, when a sparingly soluble precipitate of the 
1-salt separates. From the mother-liquor the d-salt is obtained. These 
two salts serve as the starting material for the preparation of the 
optical isomers of the triethylenediamino-rhodium salts. 

1 - Triethylenediamino - rhodium Iodide, [Rh engjIg.illgO, is 
obtaiiied by rubbing the 1-camphor nitronate to a thin paste with water 
and solid sodium iodide. The iodide so formed is extracted with water 
and then recrystallised. It crystallises in small glistening cubes, and 
has rotation of [ajD — 50°, [M]d— 336-5°. 

d-Triethylenediamino -rhodium Iodide, [Rh en3]l3.HT20. — When 
the mother-liquor from the separation of 1-triethylenediamino-rhodium 
camphor nitronate is precipitated with sodium iodide, a white pre- 
ci]>itate containing chiefly inactive iodide is formed. The filtrate from 
this is evaporated to dryness, the residue is extracted with hot alcohol 
to remove sodium camphor nitronate and dissolved in water. On 
the addition of solid sodium iodide pure d-triethylenediamino -rhodium 
iodide separates in efflorescent cubes. The rotation of the salt is 
[a]D"j"4'3°, [M]o-|-323°. 

l-Triethylenediamino-rhodium Chloride, [Rh en3]Cl3.2jH2^5 is 
prepared from the 1-iodide. It crystallises in long efflorescent needles 
with rotation [a]D— 80°, [MJb —347-6°. 

Jaeger, Pfoc. K. Alcad. Wctcusch. xinmtcTdcim, 1017, 20, 244. 

“ Werner, Bcr., 1912, 45 , 1228. 
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" Shnilar active salts are prepared through tartaric acid, in which 
case a solution of the chloride is treated with silver tartrate. 

On concentration 1-triethylenediamino- rhodium d-chloride 

tartrate, [Rh en 3 ]Cl(C 4 H 40 e). 5 H 20 or 411,0, separates in transparent 
monoclinic plates or prisms with rotation of [a]j)—50°, [MJd— 278*25 . 

The d-isomer separates from the mother-liquor as a non-transparent 
fibrous mass, and has rotation [a]D+44°, [M]d-1-244*86®. 

From these compounds the same optically active isomeric salts are 
obtained as in the case of the camphor nitronates. 

Both the racemic salts and the optically active salts appear to 
be isomorphous with, the corresponding cobalt salts v^hen examined 
crystallographically , ^ 

2. Acido-pentamminO‘Thodium Salts, [Rh(NH 3 ) 5 ll]R 2 . 

Chloro-pentammino -rhodium Chloride, [Rh(NH 3 ) 5 Cl]Cl 2 , was 
the first salt of the series obtained. It may be prepared by boiling 
a solution of rhodium trichloride or the double rhodium ammonium 
chloride with excess of ammonia. The warm solution is filtered, 
evaporated to dryness, and the residue dissolved in boiling water and 
cooled when the chloride separates. To obtain the compound free 
from aquo-salt it is better to precipitate it from aqueous solution with 
hydrochloric acid, which dissolves the aquo-salt formed. The crystal- 
line salt is washed with acid and dried at 100° C. The compound may 
also be prepared by dissolving the alloy of rhodium and zinc in aqua- 
regia and adding to the solution aqueous ammonia.^ It crystallises 
in yellowish-white rhombic prisms isomorphous with the corresponding 
salts of cobalt and chromium. It is sparingly soluble in cold water, 
much more soluble in boiling water, insoluble in alcohol and in cold 
hydrochloric acid. It is stable, but begins to decompose on heating 
to 200° C. On heating in hydrogen gas it is reduced, yielding a deposit 
of rhodium metal. If heated to 100° C. with sodium hydroxide it 
is transformed into aquo-pentammino-rhodium chloride without loss 
of ammonia. This salt forms the starting-point for the preparation 
of other salts of the series. 

The base of the series, chloro-pentammino -rhodium hydroxide, 
[Rh(NH 3 ) 5 Ci](OH) 2 , is produced by mixing the chloride with moist 
silver oxide. Silver chloride is precipitated, and a strongly alkaline 
liquid produced containing the hydroxide. The base absorbs carbon 
dioxide from the air, removes ammonia from ammonium salts, and 
precipitates metallic hydroxides from solutions of the metallic salts. 
It is onl}" known in solution, and on evaporation of the liquid it is 
slowly transformed in the cold, more rapidly on heating, into a mixture 
of aquo-pentammino-rhodium chloride and aquo-pentammino-rhodium 
hydroxide, thus : 

3[Rh(NH3)5Cl](0H)2+3H20 — .[Rh(NH3)5.H20]Cl3 

H-2[Rh(NH3)3.H2Q](OH)3. 

^ Ja:‘ger, Proc. K. Akad. Wetensch. Aimterdam, 1917, 20 , 244. 

Claus, J. Chem., 1854, 63 , 99 ; Jorgensen, ibid., 1882, 25 , 340. 


The d-chloride crystallises in similar crystals with rotation of 
h+7S\ [M]d+8B8*9°. 

These active salts are stable, and may be evaporated m aqueous 

• • ’ll J- 1 ^ 4 ? ^ x-r4-{-rr afCi olor\ O+’qUIpi 4'.OWf3.rdS acids. 


In+irvn 
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The sulphate, [Rh(NH3)5Cl]S04.2H20, is obtained by exactly 
neutralising a solution of the hydroxide with sulphuric acid.*^ It crys- 
tallises in large yellow prisms which are sparingly soluble in cold 
water and more soluble in boiling water. 

The acid sulphate, [Rh(NH3)5Cl]S04.3H2S04, is produced by de- 
composing the chloride with concentrated sulphuric acid. It separates in 
long silky prisms of a yellow colour. It is slightly soluble in cold water. 

The nitrate, [Rh(NH3)5Cl](N03)2, is precipitated in yellow octahedra 
when the chloride is treated in concentrated aqueous solution with 
cold nitric acid. The salt is slowly j^^^ecq^itated, washed with acid 
and then with alcohol. 

Bromo-pentammino -rhodium Bromide, [Rh(NH3)5Br]Br2, is 
prepared in a similar manner to the chloro-salt by heating rhodium-zinc 
alloy with a mixture of bromine and hydrobromic acid, or by warming 
aquo-pentammino-rhodium bromide with excess of hydrobromic acid 
to 100 ° It separates in small orthorhombic yellow crystals which 

are almost insoluble in cold water and insoluble in alcohol and hydro- 
bromic acid. It has the same constitution as the chloro-compound. 
Treated with nitric acid, hydrochloric acid, or silver carbonate, it 
yields the corresponding salts respectively, and with moist silver oxide 
yields an unstable hydroxide, [Rh(NH3)5Br](OH)2. The methods from 
the preparation of the bromo-salts are like those for the chloro -salts. 

lodo-pentammino-rhodium Iodide, [Rh(NH3)5l]l2, is best pre- 
pared by warming aquo-pentammino-rhodium hydroxide at 100 ° C. 
with excess of hydriodic acid. It forms rhombic crystals which are 
bright orange -yellow in colour, sparingly soluble in water and in- 
soluble in hydriodic acid and in alcohol. ^ 

The chloride, [Rh(NH3)5l]Cl2, is obtained by treating the iodide 
with hydrochloric acid, when the salt separates in small chrome-yellow 
octahedra. It is sparingly soluble in water and insoluble in alcohol. 

The sulphate, [Rh(NH3)5l]S04, is obtained by treating the chloride 
with concentrated sulphuric acid. The mixture is diluted with water 
and left to stand, when orange-yellow efflorescent crystals of com- 
position [Rh(NH3)5l]S04.6H20 separate. The anhydrous salt is pre- 
pared from this on drying at 100 ° C., or on precipitation of the 
mother-liquor from the hydrated salt. It crystallises in quadratic 
]:)risms of an orange-yellow colour. 

Tlic nitrate, [Rh(NIi3)5l](N03)2, crystallises in regular octahedra 
which are sparingly soluble in rvater, insoluble in nitric acid and in 
alcohol. It is prepared by mixing the chloride with dilute nitric acid. 

These halogen -pentammino -salts all have the same general chemical 
characteristics ; all are yellow in colour and are rather sparingly soluble 
in water. 

Nitrito-pentammino-rhodium Nitrate, [Rh(NH3)5N02](N03)2, 
is prepared from chloro -pentammino-rhodium chloride by dissolving it 
in dilute aqueous sodium hydroxide and adding pure sodium nitrite 
and dilute nitric acid. The substance separates as a white crystalline 
powder which is recrystallised from hot water. It is fairly soluble in 
cold water, insoluble in alcohol, and the aqueous solution, unlike that of 
the nitrato-nitrate, is not converted into aquo-nitrite on boiling. It is 
also unacted on by sodium hydroxide or ammonium sulphide. 

^ Jorgensen, J. jprakt. Chem., 1883, 27 , 4 G 1 . 

^ Thoj)Soe, ibid., 1883, 27 , 441. 
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The chloride, [Rh(NH3)5NO JCl^, is prepared by the same method 
fis tli6 nitrate, adding dilute liydrocliloric acid, after the audition ol. 
sodium nitrite. The salt separates as a white powder. It may also 
])e obtained by filtering a concentrated aqueous solution of the nitrate 
into dilute hydrochloric acid and then adding alcohol, which precipitates 
tlie chloride from solution. When heated the chloride decomposes, 
lea^'ing a residue of pure rhodium. The base of the series, nitrito- 
pentammino-rhodium hydroxide, [Rh(NH3)5N02](OH)2, is produced 
by treating the chloride with silver oxide and water. The filtrate, 
after removal of silver chloride, is strongly alkaline, and very stable even 
on boiling. It is capable of liberating ammonia from ammoniurn salts 
and precipitating hydroxides of metallic salts. Acids transform it into 
the corresponding nitrito -salts. 

Nitrito - pentammino - rhodium Ghloroplatinate, [Rh(NH3)5 
NOJPtClfj, separates as a buff-coloured precipitate on the addition of 
ehloroplatinic acid to an aqueous solution of the nitrate. It crystal- 
lises in small needles. 

The bromide, [Rh(NH3)5N02]Br2, is obtained as a white crystalline 
precipitate on the addition of hydrobromic acid to cold aqueous solu- 
tions of the nitrate. It is easily soluble in water. 

The sulphate, [Rh(NH3)5N02]S04, crystallises in flat shining needles 
and explodes on heating. 

The acid sulphate, [Rh(NH3)5N02]S04.H2S04, crystallises in long 
white needles. These decompose on heating, leaving a residue of rhodium. 
The nitrito-salts, like all the rhodium salts, resemble those of cobalt and 
chromium, but are more stable, the nitrate being particularly stable. This 
fact Jorgensen attributes partly to the nature of the central atom.^ 

Nitrato -pentammino -rhodium Nitrate, [Rh(NH3)5N03](N03)2, 
may be prepared by heating aquo-pentammino-rhodium nitrate, or by 
dissohing the aquo-nitrate in hot water and adding an equal volume 
of concentrated nitric acid. After heating for some time, on cooling, 
the salt separates in small octahedral crystals of greenish-yellow colour. 
It is only sparingly soluble in water, and on heating the dry salt over 
a small flame it explodes.^ 

The chloride, [Rh(NH3)5N03]Cl2, separates as a pale greenish- 
yellow precipitate when a cold aqueous solution of the nitrate is filtered 
into a mixture of three volumes of hydrochloric acid and one volume 
of water at 0° C. 

The ditMonate, [Rh(NH3)5N03]S,203.H20, is precipitated from a 
saturated solution of the nitrate or chloride on the addition of a solution 
of sodium dithionate. It crystallises in white silky needles resembling 
the corresponding cobalt salt, and is insoluble in water. 

3. Aquo-pentammino-rhodium Salts, [Rh(NH3)5H20]R3. 
Aquo-pentammino-rhodium Nitrate, [Rh(NH3)5H20](N03)3, 
IS piepared b\ the addition of nitric acid to a concentrated solution 
of aquo-pentammino-rhodium hydroxide, when the salt is precipitated 
m microscopic quadratic plates. It is easily soluble in water, and the 
r\ salt loses vater at 100"^ C., being converted into ni trato -pentammino - 
rhodium nitrate thus ; 

[Rh(XH3),H3Q](N03)3 — ^[Rh(NH 3)sN03](N03)a+H,0. 

^ Jurj^’ensen, J. praJ:L Cliem., 1886 , 34, 410 . 


2 Jorgensen, ibid., 1886 , 34, 406 . ' 
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On the addition of chloroplatinic acid to a solution of the salt, the 
sparingly soluble nitrate chloroplatinate, [Rh(NH3)5H20]N03.Pt€l6. 
2H2O, separates as an orange-yellow crystalline precipitate. It easily 
loses two molecules of water at 100° C., the other molecule being given 
off more slowly with formation of nitrato-pentammino-rhodiimi chloro- 
platinate, [Rh(NH3)5N03]PtClg. On heating with dilute hydrochloric 
acid the substance is transformed into a solution of chloroplatinic 
chloride and a hea^^y white precipitate of nitrato-pentammino-rhodium 
chloride. 

Aquo-pentammino -rhodium Chloride, [Rh(NH3)5H20]Cl3.H20, 
may be prepared by digesting chloro-pentammino-rhodium chloride for 
several days with moist silver oxide and dissolving the base so formed 
in hydrochloric acid. It crystallises in yellowish-white octahedra.^ 

The bromide, [Rh(NH3)5H20]Br3, is formed when concentrated 
hydrobromic acid is added to a solution of aquo-pentammino-rhodium 
hydroxide. It crystallises in small octahedra or six-sided plates. At 
100° C. it loses water and passes into bromo-pentammino-rhodium 
bromide. It is easily soluble in water. 

The sulphate, [Rh(NH3)5H20]2(S04)3.2H20, is produced from the 
hydroxide on treatment with dilute sulphuric acid and precipitation 
with alcohol. It separates in small white octahedra, and, unlike the 
other aquo-salts, is not converted into the sulphato-salt on boiling with 
water. It crystallises in large quadratic prisms, and at 100° C. rapidly 
loses water. 

A chloroplatinate of composition [Rh(NH3)5H20]2PtCl(3(S04)2 is 
produced on the addition of chloroplatinic acid to a solution of the 
sulphate. It crystallises in silky, yellowish six-sided plates, 

A series of ammino-rhodium compounds has also been prepared 
which correspond to the tetrammino-series of salts. These contain 
pyridine in place of ammonia. ^ 

Dichloro-tetrapyridino -rhodium Chloride, [Rh py^ClglCl, is 
prepared by dissolving rhodium zinc in aqua-regia, and, after removal 
of acid, heating the aqueous solution with pyridine. On cooling, the 
pyridino-salt is deposited in yellow prisms. It melts when heated, 
yielding a black oil, and on further heating, metallic rhodium. 

Dichloro-tetrapyridino -rhodium Hydroxide, [Rh py^CUKOH), 
may be obtained from the chloride by grinding it with freslily pre- 
cipitated silver oxide. The liquid so produced absorbs carbon dioxide 
from the air and liberates ammonia from ammonium salts. 

The nitrate, [Rh py4Cl2]N03, is obtained by filtering a solution of 
the chloride into dilute nitric acid. 

The bromide, [Rh py^ClglBr, is prepared in similar manner to the 
nitrate. 

The sulphate, [Rh py 40212^04, and the chloroplatinate, [Rhpy4Cl2l2 
PtClg, have also been prepared. 


AMMINO-DERIVATIVES OF PALLADIUM SALTS. 

Ammonia combines with palladium salts, yielding ammino-com- 
pounds. These are, however, mostly derivatives of the stable palladous 
salts. Thus the two principal groups of the ammino-derivatives of 
palladium are the pallados-ammines or diammino-palladium compounds, 
^ Jorgensen, J. praJet. Chem., 1886, 34 , 396. ^ Jorgensen, ibid., 1883, 27 , 478. 
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[Pd(NH3)oRo], and the pallado-diammines or tetrammino-pallaclium 
safts, [Pd(NH3)JR2, These are analogous to two of the senes ot the 
ammino-derivatives of the platinous salts, the platos-ammines and the 
plato-diammines. 

They are more conveniently classified into two groups, each con- 
taining palladium with a co-ordination number of four thus : 

(1) Those containing two molecules of ammonia, diacido-~cliamniino- 
jxdladiwn compounds, of general formula [Pd(NH3)2R2]* 

( 2 ) Those containing four molecules of ammonia, the tetTcminiino- 
palJadous salts, of general formula [Pd(NH3)4]R2. 

Ammino-derivatives of the unstable palladic salts are imknown, 
but a series of compounds have been prepared where pyridine takes 
the place of ammonia in the complex, and these appear to be derivatives 
of palladic salts. Unlike the platinic salts, however, the co-ordination 
number in these substances is four instead of six. 

The first ammino-derivative of palladium was prepared by Vauquelin 
in 1813 .^ Vauquelin’s salt, the chloropalladite of tetrammino- 
palladium, [Pd(NH3)4]PdCl4, corresponds to the green salt of Magnus, 
the first known compound of the ammino -platinum salts. 

The ammino-derivatives of palladium have been investigated 
principally by Fischer, Fehling, and Muller.^ 


1. Diacido-diammino-palladium, the Pallados-ammines, [Pd(NH 3 ) 2^2.1* 

Palladous salts on treatment with excess of ammonia yield tetram- 
mino-palladous salts, from which on the addition of acid the corre- 
sponding diacido-diammino-compounds are precipitated. This method 
may be employed for the preparation of the chloro-, bromo-, and iodo- 
compoimds, which are sparingly soluble in water, and the other members 
of the series are prepared from these by double decomposition. Am- 
monia transforms the compounds into tetrammino-palladous salts. 

Dichloro-diammino-palladium, [Pd (Nil 3)201 2]? is produced by 
the addition of ammonia to an aqueous solution of palladous chloride 
until the red precipitate at first formed just dissolves. The liquid is 
either evaporated to dryness and extracted with water, or it inay 
be heated, to remove excess of ammonia, cooled, and acidified with a 
slight excess of hydrochloric acid. A yellow powder is obtained which 
is washed with water and dried at 100"^ C. The same substance is 
formed by warming tetrammino-palladous chloride, [Pd(NPl3)4]Cl2, 
with palladous chloride. It crystallises in yellow quadratic prisms, is 
sparingly soluble in water, and is decomposed on heating to redness, 
yielding ammonia, ammonium chloride, and a porous mass of metallic 
palladium. Hot concentrated hydrochloric acid or nitric acid reacts 
with the ammine, forming the corresponding palladous salt. The 
formation of this ammine is made use of in the separation and 
purification of palladium.^ 

X hydrated compound, [Pd(NH3)2Cl2]H20, is obtained by treating 
an alcoholic suspension of the anhydrous body with concentrated 
aqueous ammonia and evaporating the mixture on a water-bath. The 


Vauqiieiin, .4 /in. Cliim. Pliys., 1813, 88, 184. 

nx ’ Eeliling, Annalen, 1841, 39, 110; Miiller, 

Ibid.. Ibo^, 86 , o41 ; J. prakt. CJiem., 1853, 59 , 29. 

2 (xutbier, J. prakt. Clmn., 1909, 79, 235. 
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hydrated compound is precipitated, after separation of some tetrammino- 
pailadous chloride and anhydrous diammino-compound. It crystallises 
in transparent yellow quadratic prisms which are soluble in water and 
insoluble in alcohol. The crystals effloresce in air, and lose water at 
90*^ C., yielding the insoluble anhydrous compound.^ 

Dibromo-diammino-palladium, [Pd(NH3)2Br2], is prepared by 
dissolving pure palladium in a mixture of hydrobromic and nitric 
acids, expelling the nitric acid by repeated evaporation with hydro- 
bromic acid, and dissolving the residue in a small quantity of hydro- 
bromic acid. The palladous bromide solution so obtained is filtered 
into excess of ammonium hydroxide, when a brown precipitate of the 
double salt, [Pd(NH3)4]Br2.PdBr2, is produced. This on prolonged 
treatment with ammonium hydroxide dissolves, with formation of 
[Pd(NH3)2Br2]. The crystalline compound is obtained by filtering 
the liquid into excess of hydrobromic acid. It crystallises in small 
yellow octahedra which are insoluble in cold water. Prolonged boiling 
with water decomposes it with loss of ammonia, and hydrochloric acid 
transforms it slowly into the chloro-compounds. It is insoluble in 
sulphuric acid and in potassium hydroxide, although the chloro- 
compound is soluble.^ 

Di-iodo-diammino-palladium, [Pd(NH3)2l2]- — Two compounds 
are known having the same composition, one yellow, the other red. 
Both these substances have been described as the di-iodo-compound. 
It is probable that the yellow substance is the true iodo-derivative, and 
the other the iodo-palladite of the tetrammino-compound. 

A solution of tetrammino-palladium iodide is first prepared, and 
on evaporation or treatment with acid it partially decomposes, and 
deposits a substance Vhich is sometimes an orange crystalline body 
and sometimes a yellow amorphous substance, both of which have the 
same composition. 

The hydroxo-compound, [Pd(NH3)2(OH)2], is obtained on 
treating the chloro-derivative with moist silver oxide, or by precipitation 
from a solution of the sulphato-compound with the calculated quantity 
of barium hydroxide. The solution is filtered and evaporated in vacuo 
or in air free from carbon dioxide, when a yellow residue of microscopic 
octahedra is obtained. The aqueous solution is strongly alkaline, 
rapidly absorbs carbon dioxide from the air, and combines with evolu- 
tion of heat with acids, forming the corresponding acido-derivatives. 
In the dry state it may be heated to 105° C. without decomposition. 
Prolonged boiling with water causes it to lose ammonia, as in the case 
of the dibromo-derivative, leaving a brown residue. It precipitates 
tlie hydroxides of the metals copper and silver from solutions of their 
salts, and liberates ammonia from ammonium salts.^ 

The solphato-derivative, [Pd(NH3)2S04], crystallises in orange- 
yc^ilow octahedra, is soluble in cold water, and is precipitated from 
aqueous solution by hydrochloric acid. It is obtained by treating 
the hydroxo-compound with sulphuric acid, or by the double decom- 
position of the chloride with silver sulphate.^ 

The carbonate -derivative, [Pd (NH 3)300 3], is produced by saturat- 
ing the hydroxo-compound with carbon dioxide, or by treating an 
acpicous solution of the sulphato-derivative with barium carbonate. 
It crystallises from solution, after removal of barium sulphate, in 
^ Fisclier, Poijg, Annalen, 1847, 71 , 431. ^ Muller, J. Chem., 1853, 59> 29. 

VOI.. X, 
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yellow octahedra. It is soluble in water, has an alkaline reaction, and 
precipitates the carbonates of barium, calcium, and iron from solutions 
of their salts 

The nitrato-derivative of the series is unknown. Treatment^ of 
palladous nitrate with ammonia does not yield the corresponding 
nitrato-derivative, which appears to be unstable. A liquid is, however, 
obtained by treating, the chloro-derivative with silver nitrate, but on 
evaporation a brown substance separates which detonates on heating. 

Only one series of diacido-diammino-palladous compounds is known, 
although, reasoning from analogy with the corresponding platinous 
compounds, a symmetrical series corresponding to the platos-ammines, 
NHgv XI 

\Pt<( , and an unsymmetrical series corresponding to the 

Cl / \NH3 

NH3. XI 

plato-semi-diammines, ? should exist. 

NH3/ \ci 

Ammonia in the series may be replaced by organic bases, giving rise 
to such compounds as the hydroxylamino-, the pyridino-, the quinolino- 
derivatives. 

Dichloro-dihydroxylamino-palladium, [Pd(NH20H)2Cl2], is one 
of the products isolated when hydroxylamine hydrochloride, sodium 
carbonate, and palladous chloride interact. It appears to exist in two 
forms, and separates in long, slender, yellow needles or as a yellow 
granular powder. Owing to its instability the investigation of the 
series to which it belongs is difficult.^ 

Dichloro-dipyridino-palladium, [PdpygClg], is produced by the 
addition of pyridine to an aqueous solution of ^palladous chloride or 
potassium chloropalladite. A red precipitate is first obtained, which 
dissolves on heating with excess of pyridine. From the liquid the 
substance is precipitated on the addition of concentrated hydrochloric 
acid as a bright yellow crystalline powder. If heated with ammonia, 
l^yridine is eliminated and dichloro-diammino-palladium formed.^ 

The bromo-derivatwe, [Pd py2Br2], is formed in a similar manner and 
separates as a yellow microcrystalline precipitate. It also is decom- 
posed on heating with ammonia, forming dibromo-diammino-palladium. 
The corresponding nitrate, [Pd py 2(^03) g], has also been described. 

Dichloro-diquinolino-palladium, [Pd(C9lT7N)2Cl2], is prepared 
in the same way from quinoline, and separates as a yellow precipitate 
which is readily soluble in aqueous ammonia. 

The hromo-derivative, [Pd(C9H7N)2Br2], crystallises in small reddish 
brown leaflets, and when heated with aqueous ammonia till dissolved, 
and then treated -with hydrochloric or hydrobromic acid, the corre- 
sponding ammino-compounds are produced.'^ 

Dichloro-dibenzylamino-palladium, [Pd(CeH5CH2NH2)2Cl2], is 
produced by treating an aqueous solution of potassium chloropalladite 
with benzylamine. A red precipitate is first obtained, which dissolves, 
gi\’ing a colourless liquid with excess of the base. After filtering, the 


^ Zeisel and Novack, Annalm, 1907, 351, 439. 

2 Rosenheim and Maas, Zeitsch. morg. Chem., 1898, 18, 331 : r4utbier and 

n on f\vn 


^ Gutbier and FeUner, Zeitsch. anorg. Ghem., 1916, 95 129. 
^ Rosenheim and Maas, ibid., 1898, 18, 331. ’ 


Krell, 


Ber., 
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palladium derivative is precipitated by the addition of concentrated 
hydrochloric acid in yellow crystalline leaflets. The corresponding 
hromo-derivatwe, [Pd(CgH5CH2NH2)2Br2], is prepared in a similar 
manner and crystallises in golden-yellow leaflets.^ Derivatives con- 
taining isopropylamine and dipropylamine are also Imown. These 
have the same general characteristics.^ 

Tetrammino-palladous Salts, [PdNH3)JR2. — These are formed 
by exposing anhydrous palladium salts to the action of ammonia, or 
by treating an aqueous solution of the palladous salt, or the corre- 
sponding diammino -palladium derivative, with excess of ammonia. 
The solution formed is unstable and readily loses ammonia on evapora- 
tion, passing into the more stable series mentioned above. If, however, 
evaporation takes place in an atmosphere of ammonia the salts may be 
separated. In the dry state they slowly lose ammonia in air, more 
rapidly on heating or in vacuo. This series of compounds are almost 
colourless and are soluble in water. Acids transform them easily into 
the diammino-compounds. 

Tetrammino-palladous Chloride, [Pd(NIT3)4]Cl2, is prepared 
by heating palladous chloride with dry gaseous ammonia, or by the 
same reaction on dichloro-diammino-palladium. It is a white substance 
which loses ammonia in vacuo, leaving dichloro-diammino-palladium. 

The monohydrate, [Pd(NH 3 ) 4 ]Cl 2 .H 205 is produced by dissolving 
dichloro-diammino-palladium in aqueous ammonium chloride and 
ammonia. It crystallises in colourless rhombic prisms which are very 
soluble in water, and lose ammonia and -water on heating to 120° C. 
thus : 

[Pd(NPl3)4]Cl2.H20— ->[Pd(NH3)2Cl2]+H20+2NH3. 

Tetrammino-palladous Hydroxide, [Pd(NH3)4](OH)2, may be 
obtained by decomposing the sulphate with barium hydroxide. It 
separates as a colourless crystalline substance which is soluble in 
water and has a strong alkaline reaction. The aqueous solution is 
capable of precipitating copper, iron, cobalt, and nickel from solutions 
of their salts, and it also decomposes ammonium salts. 

The bromide, [Pd(NH3)4]Br2, is prepared like the chloride from 
palladous bromide and excess of ammonia. It crystallises in almost 
colourless rhombic prisms which are soluble in water and stable in air. 

The iodide, [Pd (NIT 3) Jig, is obtained by passing gaseous ammonia 
over palladous iodide, or on boiling palladous iodide or di-iodo-diammino- 
palladium with aqueous ammonia till the substance just dissolves and 
the liquid becomes colourless. Thereafter the liquid is evaporated in 
an atmosphere of ammonia. It is an unstable, colourless crystalline 
substance which loses ammonia in air and becomes yellow in colour. 
In vacuo it is transformed first into di-iodo-diammino-palladium, and 
finally into palladous iodide. 

The sulphate, [Pd(NH3)4]S04.H20, is formed from the base by 
heating it with sulphuric acid, or by treating the suiphato-diammino- 
derivative with a large excess of ammonia. It crystallises in colourless 
silky prisms which are soluble in water and insoluble in alcohol, and 
easily loses water. Hydrochloric acid precipitates from its solution 
dichloro-diammino-palladium. 

Several double salts are known. 

1 Rosenheim and Maas, Zeitsch. anorg. Ghenh., 1898, 18 , 331. 

” Uutbier and Felliier, ibid., 1910, 95 , 129, 
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Tetrammino-palladous Ghloro-palladite, [Pd(NH3)4]PdCl4, is 
formed by the addition of ammonia to a solution of palladous chloride, 
or better, by the addition of palladous chloride to tetrammino-palladous 
chloride. It crystallises in prismatic needles of a reddish colour and 
decomposes in boiling water, being transformed into dichloro-diammino- 
palladium. In the dry state it remains unaltered on heating to 180° C., 
but at 200° C. it becomes yellow, and undergoes the same transforma- 
tion as with water. Ammonia in excess yields tetrammino-palladous 
chloride. 

Tetrammino-palladous Chloro-palladate, [Pd(NH3)4]PdCl6, is 
produced by the action of chlorine on cold aqueous dichloro-diammino- 
palladium, or by the action of aqua-regia on tetrammino-palladous 
chloride. The substance is a brownish-black crystalline body. It is 
precipitated and decomposed by hydrochloric acid, with liberation of 
nitrogen, the formation of ammonium chloride and porous palladium. 
Boiling water decomposes it into ammonium chloro-palladite. The 
corresponding hromo-'palladite, [Pd(NH3)4]PdBr4, and nitrito-palladite, 
[Pd(NH3)4]Pd(N02)4, are also known. 

Eth^denediamine and propylenediamine may be substituted for 
ammonia in the diammino-palladous salts. This series is prepared by 
the action of ethylenediamine and analogous bases on palladous salts. 
A double palladous compound is first formed, which is decomposed on 
addition of excess of the base, yielding the single salt. 

Diethylenediamino -palladous Chloride, [Pd en 2] Cl 2, is a light 
^-ellow crystalline substance. The corresponding bromide, [Pd eUgJBrg, 
is dark yellow, and the iodide, [Pden2]l2? is brownish yellow. The 
free base corresponding to the salts, [Pd en2](OH)2, has not been isolated, 
but in solution it is yellow in colour, strongly alkaline, and decomposes 
ammonium salts with evolution of ammonia.^ 

An optically active derivative of palladium has been prepared by 
combining potassium chloropalladite with 1-propylenediamine. This 
salt has a rotation [a] d + 79-25 °, [M]d+ 258-1°. It is analogous to the 
corresponding platinum compound, but the rotation is much greater, 
thus showing the influence of the central metallic atom in increasing 
or diminishing the rotation.^ 

Ammino- derivatives of palladic salts are unknown, but pyridine 
derivatives containing tetravalent palladium have been described. 
The substances are easily obtained by the oxidation of dichloro-di- 
pyridino-palladium. 

‘ Dipyridino -palladic Chloride, [Pd py2]Cl4, is formed by the 
action of chlorine on dichloro-dipyridino-palladium suspended in 
chloroform. It crystallises in small orange-coloured prisms, and rapidly 
loses chlorine on exposure to moist air. If heated with potassium 
hydroxide a brown precipitate of palladic hydroxide separates, and if 
this is carefully neutralised with hydrochloric acid, potassium chloro- 
palladate crystallises out. Treatment with an aqueous solution of 
potassium iodide decomposes the salt, with formation of the palladous 
compound thus : 

[Pd py2]Cl4+2KI — ^[Pd py2Cl2]+2KCl+l2. 

Dipyridino -palladic Chloro -bromide, [Pd py2]Br2Cl2, is pro- 

* Gutbier and Woernle, Ber., 1906, 39 2710 
» Tschugaeff, ibid., 1907, 40, 3463. 
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duced by shaking dichloro-dipyridino-palladium suspended in chloroform 
with bromine. It separates as a deep orange-red crystalline powder, 
and is less stable than the tetrachloride. If boiled with potassium 
hydroxide and then neutralised the chloropalladate is obtained. 

Dipyridino-palladic lodo -chloride, [Pd py2]l2Cl2, crystallises in 
brown needles and is stable in the dry state in air. On boiling with 
potassium hydroxide complete decomposition takes place and a residue 
of palladous iodide remains. If shaken with pure carbon disulphide, 
two atoms of iodine are removed and dichloro-dipyridino-palladium 
remains.^ 

1 Rosenheim and Maas, Zeitsch. anorg, Chem., 1898, i8, 331. 



CHAPTER XIII. 


THE METAL-AMMINES OF OSMIUM, IRIDIUM, 

AND PLATINUM. 

All three elements form complex ammino-derivatives. Those of osmium 
have been very little investigated; those of iridium are analogous to 
the ammino-derivatives of platinum on the one hand and to the ammines 
of cobalt and chromium on the other ; whilst the platinum derivatives 
resemble those of cobalt, save that the metal in the platinic derivatives 
is tetravalent and not tri valent as in the cobalt-ammines. . 

AMMINO-DERIVATIVES OF OSMIUM COMPOUNDS. 

Osmium has little tendency to simple salt formation owing to the 
great affinity which the element has for oxygen. The principal com- 
pounds, therefore, are complex in character. The ammino-derivatives 
appear to be derived from the two ammino-bases, rOsO(NHq)Ql(OH)o 
and [0 s02{NH3)4](0H)2. 

Diammino -osmo "hydroxide , [OsO (NHg ) g] (OH ) g, is prepared 
from osmium tetroxide and excess of concentrated aqueous ammonia. 
The yellow liquid obtained is heated in a closed vessel at 50 ° C. till it 
becomes dark brown in colour and a black poAvder is deposited. It is 
then exposed to the atmosphere and evaporated at low temperature, 
when a blackish-brown powder is deposited. The dry powder decom- 
poses explosively on heating, with evolution of nitrogen. It dissolves 
in acids yielding the corresponding salts, and from these the base may 
be precipitated on the addition of aqueous alkali hydroxide. On 
boiling with a solution of alkali, however, the base is decomposed, 
ammonia is liberated, and a precipitate of osmium dioxide remains.^ 

Diammino-osmo-chloride, [OsO(NH3)2]Cl2, is obtained by treat- 
ing the hydroxide with hydrochloric acid. It separates as a brown 
crystalline powder which is soluble in water, yielding a basic salt. On 
heating, the salt swells up, loses hydrogen chloride and ammonia, and 
leaves a residue of osmium. 

The sulphate, [0s0(NH3)2]S04, and the nitrate, [0s0(NH3)2](N03)2, 
are also brown crystalline salts. ^ 

Tetrammino-osmyl-hydroxide, [ 0 s 02 (NH 3 ) 4 ]( 0 H) 2 , is only 
known in solution. On treating the chloride, [ 0 s 02 (NH 3 ) 4 ]Cl 2 , with 
moist silver oxide, or the sulphate, [0s02(NH3)4]S04, with barium 
hydroxide, a strongly alkaline yellow liquid is obtained which absorbs 
carbon dioxide readily and neutralises acids. All attempts to obtain the 

^ Claus, Bull, Acad. Sci. Petrograd, 1863, 6 , 154 ; Berzelius, Ann. Chim. Phys., 1829, 

42 , 91. 
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base in the solid state have been unsuccessful, as on concentration it de- 
composes into osmium tetroxide with loss of ammonia. The salts of the 
base are crystalline compounds, of which the chloride is the best known. 

Tetrammino-osmyl-chloride, [0s02(NH3)4]Cl2, is obtained on 
mixing a concentrated solution of potassium osmate mth ammonium 
chloride, when an orange-yellow crystalline precipitate is at once 
obtained. It is sparingly soluble in cold water but decomposes in 
boiling water, with formation of osmium tetroxide and diammino-osmo- 
hydroxide. It is insoluble in alcohol and in water containing ammonium 
salts, also in concentrated hydrochloric acid.^ On heating, the substance 
decomposes, yielding a porous mass of osmium. This reaction has been 
utilised in preparing metallic osmium. An aqueous solution of the salt 
gives with potassium ferrocyanide a violet-coloured solution, a reaction 
which may be used as a delicate test for osmium. 

Tetrammino-osmyl-nitrate, [0s02(NH3)4](N03)2, is very un- 
stable. It separates in crystalline granules of an orange-yellow colour. 

Tetrammino-osmyl-sulphate, [0s02(NH3)4]S04, may be pre- 
pared by mixing potassium osmate with ammonium sulphate. It is 
a yellow crystalline body which is sparingly soluble in cold water and 
decomposed by boiling water. 

The oxalate^ [0s02(NH3)4]C204, is prepared in similar manner from 
potassium osmate and ammonium oxalate. It is a yellow crystalline 
substance. 

By the action of ammonia on potassium osmate a brown liquid is pro- 
duced which probably contains another base of formula [Os(NH3 ) 2] (OH) g. 
The liquid, which has not been fully investigated, is basic in character and 
yields salts with acids.^ 


AMMINO-DEUIVATIVES OE IRIDIUM SALTS. 


Ammonia unites readily with iridium salts, giving rise to complex 
ammino -derivatives. The first compounds described appear to be 
ammines analogous to those of palladium and platinum, to which they 
were compared by Berzelius ^ and Skoblikoff.^ A further series were 
described by Claus ^ which he represented like those of ammino -rhodium 
salts, as they bore a marked resemblance to these. After Jbrgensen 
had established the constitution of the ammines of rhodium, cobalt, 
and chromium salts, Palmaer gave similar constitution to the iridium 
compounds. 

Three different series of ammino-derivatives are known, viz. : 


(1) Ammino-derivatives of iridous salts. 

(2) Ammino-derivatives of iridic salts. 

(8) Ammino-derivatives of iridium sesqui-salts. 

In these the metal is divalent, tetravalent, and trivalent respec- 
tively. The ammino-iridous and the ammino-iridic salts correspond 
to the ammino-derivatives of palladium and platinum, whilst those of 
the sesqui-salts are analogous to the ammino-derivatives of cobalt, 
chromium, and rhodium. 

The third series is by far the largest. 


^ Gibbs, Amer. Cham. J., 1881, 3, 233. 

- Fremy, A'tin. Ghini. Ffiys., 1844, 12, 521 ; 
^ Berzelius, Fogg. Annalen, 1828, 13, 476. 
Skoblikoff, J. joraJcL Chem., 1853, 58, 31. 


Gibbs, Amer. Chem. J., 1881, 3, 233. 

® Claus, ibid., 1854, 63, 99. 
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1 . Ammino-derivatives of Iridous Salts. 

The co-ordination number in this series appears to be four. 

Dichloro-diammind-iridium, [Ir(NH3)2Cl2], is produced when 
iridous chloride is warmed with excess of aqueous ammonium carbonate 
and the reaction mixture neutralised with dilute hydrochloric acid. It 
is a yellow granular powder which is insoluble in water. ^ 

Sulphate -diammino- iridium, [Ir(NH3)2S04], is prepared by 
treating the chloride with sulphuric acid, when orange-coloured crystals 
separate which, unlike the chloro-compound, are soluble in water. 

The corresponding hydroxide^ [Ir(NH3)2(OH)2], has not been pre- 
pared. 

Tetrammino -iridous Chloride, [Ir(NH3)4]Cl2, is obtained by 
boiling dichloro-diammino-iridium with excess of ammonia. On cool- 
ing a yellowish-white precipitate separates, which is decomposed with 
evolution of ammonia on boiling with water. ^ 

Tetrammino -iridous Sulphate, [Ir(NH3)4]S04, crystallises in 
rhombic prisms which decompose on heating and are easily soluble in 
water. 

The hydroxide, [Ir(NH3)4](OH)2, has not been prepared. 

2 . Ammino-derivatives of Iridic Salts. 

In this series the co-ordination number is six, but the metal itself 
is tetravalent. 

Dichloro -tetrammino -iridic Nitrate, [Ir(NH3)4Cl2](N03)2, is 
formed by the action of concentrated nitric acid on dichloro-diammino- 
iridium. The salt is soluble in hot water and crystallises in lustrous 
plates. 

Dichloro - tetrammino - iridic Chloride, [Ir(NH3)4Cl2lCl2, is 
formed when excess of concentrated hydrochloric acid is added to a 
solution of the nitrate. It crystallises from boiling water in violet 
octahedra. ■ Only half of the chlorine in the compound is precipitated 
by silver nitrate, thus indicating that two chlorine atoms arc within 
the complex. 

The sulphate, [Ir(NH3)4Cl2]S04, is also obtained from tlie nitrate 
on treatment with sulphuric acid. It crystallises in greenish needles. 

3. Ammino-derivatives of Iridium Sesqui-salts. 

These compounds are much more numerous and have been more 
thoroughly investigated than the two series already described. Gener- 
ally speaking they are more stable than the corresi:)onding ammino- 
cobaltic salts, which they closely resemble. 

This series may be divided into the following groups : — 

(i) Hexammino -iridium salts. 

General formula [Ir (NH3 ) elRa* 

(ii) Aquo-pentammino -iridium salts. 

General formula [Ir (NH3 ) 5H gO] R3. 

(iii) Acido-pentammino -iridium salts. 

General formula [Ir(NH3)5R]R2. 

(iv) Hydroxo-pentammino -iridium salts. 

General formula [Ir (NH3 ) gOHJR g. 

^ Palmaer, Zeitsch. anorg. GJmn., 1895, 10 , 320. 
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(v) Diacido-tetrammino -iridium salts. 

General formula [Ir(NH3)4R2]R. 

(vi) Triacido-triammino-iridium compounds. 

General formula [Ir(NH3)3R3]. 

(i) Hexammino -iridium Salts. 

Hexammino -iridium Chloride, [Ir(NH3)6]Cl3, is prepared by 
heating chloro-pentammino-iridium chloride, [Ir (NHg ) gClJCl g, with 
25 per cent, aqueous ammonia in a sealed tube to 140 ° C. The crude 
product so obtained is evaporated with hydrochloric acid, the residue 
dissolved in water, and precipitated by means of sodium pyrophosphate. 
From this the nitrate is formed by treating with dilute hydrochloric 
and nitric acids, and finally the nitrate is decomposed by repeated 
evaporation to dryness with concentrated hydrochloric acid. The 
residue is then treated with ice-cold hydrochloric acid, when the chloride 
is precipitated. It crystallises in large six-sided colourless prisms 
belonging to the monoclinic system, and is soluble in water. ^ 

Hexammino -iridium Bromide, [Ir(NH3)g]Br3, is formed by 
treating a solution of the nitrate with hydrobromic acid. It crystallises 
in colourless six-sided prisms which resemble the chloride, only they 
are more soluble in water. 

Hexammino -iridium Iodide, [Ir(NH3)6]l3, is best prepared from 
the corresponding base, [Ir(NH3)g](OH)3, by mixing it with excess of 
hydiiodic acid. It crystallises in yellowish lustrous plates or pyramids, 
is very soluble in water, and loses iodine on heating. 

The nitrate, [Ir(NH3)6](N03)3, crystallises in large quadratic plates 
V)elonging to the tetragonal system which are isomorphous with hex- 
ammino-cobaltic nitrate. It is soluble in water. 

The hydroxide, [Ir(NH3)6](OH)3, is obtained in solution by treating 
the chloride with moist silver oxide. The solution is strongly alkaline, 
displaces ammonia from ammonium salts, and precipitates the 
liydroxides of some metallic salts. If exposed to air containing carbon 
dioxide it quickly absorbs the gas, being transformed into the 
carbonate, [Ir(NIl3)6]2(C03)3, which crystallises in microscopic plates. 

Several more complex salts belonging to the series are knowm. 

Hexammino-iridium Ferricyanide, [Ir(NH3)6][Fe(CN)6], is pre- 
c*i pi f ated when potassium ferricyanide is added to a solution of the 
cJiloridc. It crystallises in orange-red prisms and is sparingly soluble 
in water. 

Hexammino-iridium Chloro-iridite, [Ir(NH3)6][IrCl6], is precipi- 
tated as an amorphous yellow powder on the addition of potassium 
cliloro-iriditc to hexammino-iridium chloride. From dilute solution 
it crystallises in small quadratic plates. It is soluble in cold water, 
and lairly stable towards concentrated sulphuric acid, which only attacks 
it above 190 ° C. 

The hexammino-salts are all soluble in water and their solutions 
are neutral in reaction.^ 

(ii) Aquo-pentammino -iridium Salts, [^(NHglsHaOlRg. 

These, unlike the aquo-pentammino-cobaltic salts, are almost 
colourless. The method of preparation is similar to that given by 
^ Palmaer, Zeitsch. anorg. Ghein., 1895, lo, 320. 
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Jorgensen for the aqiio-pentammino-rhodium salts. They are not so 
easily formed, however, as the corresponding rhodium compounds.^ 

Aquo - pentammino - iridium Chloride, [Ir(NH3)5H20]Cl3, is 
obtained by treating chloro-pentammino-iridium chloride with a con- 
centrated solution of potassium hydroxide for several hours. The 
liquid is then filtered, cooled, and mixed with concentrated hydro- 
chloric acid, and the precipitate which forms collected and washed 
with cold concentrated hydrochloric acid and with alcohol. It is 
thereafter redissolved in water and again precipitated with hydro- 
chloric acid. It separates from solution in crystalline aggregates re- 
sembling ammonium chloride in appearance, and on heating to 100° C. 
it loses water and yields the corresponding chloro -chloride. It is 
sparingly soluble in water, and the aqueous solution reacts with chloro- 
platinic acid, forming a yellow crystalline precipitate of the chloro - 
platinate, [Ir(NH3)5H20]2[(PtClg)]3. Chlorine water added to the salt 
in solution gives an intense violet coloration, which gradually changes 
to dark blue, pale blue, and green, and turns brown on the addition 
of ammonia. 

Aquo - pentammino - iridium Bromide, [Ir(NH3)5H20]Br3, is 
produced in the same way as the chloride, using hydrobromic acid 
instead of hydrochloric acid. It is a crystalline substance and, like the 
chloride, loses water at 100° C., yielding the bromo-bromide. 

Aquo “pentammino -iridium Nitrate, [Ir(NH3)5H20J(N03)3, is 
formed when the corresponding base, [Ir(NH 3)51120] (OH) 3, produced 
by boiling an acido-pentammino-iridium salt with aqueous potassium 
hydroxide, is treated with nitric acid. It is precipitated in colourless 
microscopic plates, and on heating to 100° C. it is transformed into 
nitrato-pentammino-iridium nitrate. An aqueous solution of the salt 
is transformed into the nitrato-salt on boiling, and the reverse reaction 
takes place when an aqueous solution of nitrato-pentammino-iridium 
nitrate is boiled. The same reaction is observed with the corresponding 
pentammino-rhodium compound. 

Aquo -pentammino -iridium Ghloroplatinate, [Ir(NH 3 ) 5 H 20]2 
{PtCl6)3, is produced by the addition of chloroplatinic acid to any of 
the aquo-salts. It separates as a yellow crystalline precipitate. 

Aquo " pentammino - iridium Ferricyanide, [Ir(NH3)5H20J 
[Fe(CN)6], is precipitated as a reddish-brown crystalline powder "on 
the addition of potassium ferricyanide to the aquo-i)entammino-salts. 
Ail the aquo-salts yield violet-coloured solutions with chlorine, due 
probably to the formation of iridic compounds. 

(iii) Acido-pentammino-iridium Salts, [^(NHgl^RjRo. 

Chloro - pentammino - iridium Chloride, [Ir(NH3)3ClJCl2, is 
formed by the action of ammonia on iridium trichloride, iridium 
tetrachloride, or the chloro-double salts. It may also be prepared 
from chloro-pentammino-iridium sulphate by treating it with barium 
cliloride. Prepared by the first method it separates in wine-coloured 
crystals, whilst by the second method it is yellow. The red colour of 
the first product is due to a small quantity of iridium trichloride, which 
separates with the chloro -chloride and may be removed by heatimy 
the hot aqueous solution with hydrogen sulphide. It crystallises in 
1 Jorgensen, J. ^mkt. Chem,, 1886, 34, 394 ; Palmaer, Ber., 1891, 24, 2090. 
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yellowish-white octahedra, and is isomorphous with the corresponding 
cobalt and rhodium salts. It is soluble in water, and remains unaltered 
even on heating to 275° C. Above this temperature it decomposes, 
yielding iridium, ammonium chloride, and ammonia. As in the case 
of other chloro-pentammino-salts, the chlorine atom within the complex 
is much more firmly bound than the other two atoms, and is not removed 
by cold aqueous silver nitrate nor by sulphuric acid.^ 

Ghloro -pentammino -iridium Bromide, [Ir(NH3)5Cl]Bro, is 
obtained by decomposing chioro-pentammino -iridium sulphate ‘with 
the theoretical quantity of barium bromide. It separates in pale 
yellow rhombic crystals and is soluble in water. 

Ghloro -pentammino -iridium Iodide, [Ir(NH3)5Ci]l2, is obtained 
by the same method as the bromide, substituting barium iodide for 
barium bromide. It crystallises in brownish-yellow rhombic prisms, 
and is less soluble in water than the bromide. 

The sulphate^ [Ir(NH3)5Cl]S04.2H20, crystallises in short yellow 
prisms. 

The nitrate^ [I^(NH3)5C1](N03)2, is obtained from the above com- 
pound by treating it with barium nitrate. It is a light yellow crystalline 
substance. 

The dithionate, [Ir(NH3)5Cl]S20e, is formed by treating a cold 
saturated aqueous solution of the chloride with barium dithionate. 
It crystallises in long six-sided prisms. 

The oxalate, [Ir(NH3)5Ci]C204, crystallises in slender wliite needles. 
Ghloro -pentammino -iridium Hydroxide, [Ir(NH3)5Cl](OH)2, 
may be obtained by decomposition of the chloride with fresliy pre- 
cipitated silver oxide, or by warming the chloride with sodium hydroxide 
on a water-bath. The base is stable, absorbs carbon dioxide from the 
air, and only slowly decomposes on boiling with water. 

Ghloro - pentammino - iridium Ghloro - iridite, [Ir(NH3)5Cl]3 
(IrCl(j)2, is formed when the chloro-chloride is mixed with iridium 
trichloride. It separates as a flocculent yellow powder, and on recrystal- 
lising separates as a yellow crystalline powder. It is slowly attacked 
by sulphuric acid at 110° C., and is decomposed on heating, yielding 
iridium, ammonium chloride, and hydrochloric acid. 

The cliloro-nitrite, [Ir(NH3)Cl](N02)2, is obtained from the chloride 
by treating it with the theoretical quantity of silver nitrite. It crystal- 
lises in yellow rhombic prisms.^ 

Tliesc pentaminino-salts are mostly soluble in water, neutral in 
- reaction, with the exception of the nitrite, which is alkaline. 

Bromo - pentammino - iridium Bromide, [Ir(NH3)5Br]Br2, is 
prepared by boiling chloro-pentammino-iridium chloride with potassium 
hydroxide for five hours to form the hydroxide, and then adding excess 
of 50 per cent, hydrobromic acid. A white crystalline precipitate of 
aquo-pentammino-iridium bromide, [Ir(NH3)5H20]Br3, is obtained, and 
on heating a solution of this it is converted into the bromo-bromide. 
The salt separates in yellow rhombic prisms and is soluble in water 

Bromo - pentammino - iridium Nitrite, [Ir(NH3)Br](N02)25 
prepared in the same manner as the chloro -nitrite. It crystallises in 

1 Palinaor, Bcr., 1.890, 23 , 3810 ; Zeitsch. anorg. Chem., 1895, 10 , 320. 

“ Palmaor, Bar., 1890, 23 , 3810 ; Zeitsch. anorg. Chem,., 1895, 10 , 320. 

Palmacr, Ber., 1890, 23 , 3815. 

Paluiacr, Zeitsch. anorg. Chem., 1895, 10 , 320. 



220 THE METAL-AMMINES. 

pale yellow prisms which are soluble in water and have au alkaline 
reaction. 

Bromo-pentammmo -iridium Sulphate, [Ir(NH3)5Br]S04.II*,C), 
is produced by triturating the nitrite with excess of sulpliiiric acid. 
On the addition of water slender needle-shaped crystals separate on 
cooling. They appear to be the acid suliDhate, but are couv'erted into 
the normal salt by redissolving in water and precipitating with alcohol. 
The substance crystallises in shining yellowish plates which lose their 
water of hydration at 100° C.^ 

lodo-pentammino-iridium Iodide, [Ir(NH3)5l]lo, crystallises in 
short six-sided prisms and octahedra belonging to the rhombic system. 
It is obtained by heating aquo-pentammino-iridium iodide to 100° C. 

Nitrato-pentammino -iridium Nitrate, [Ir(NH3)5NO;j](NO;j)2, is 
also produced by heating the corresponding aquo-salt to 100° C. It 
separates in microscopic quadratic plates, is soluble in water, and explodes 
on heating.^ 

Nitrito-pentammino -iridium Chloride, (Ir(NH3)5N02|Cl2, luay 
be produced by treating dinitrito-tetrammino-iridium chloride witli 
ammonia, or, in better yield, by acting upon aquo-pentaniinino-iridiiun 
chloride with excess of silver nitrite. It separates from a ( 1 1 1 cons sol u t i on 
on addition of hydrochloric acid in small colourless needles which arc 
very soluble in water and sparingly soluble in hydrochloric^ acid. It 
is stable, and scarcely acted on by boiling nitric acid or acjua-rc'gia or 
moderately strong hydrochloric acid. 

The iodide, [Ir(NH3)5N02]l2, produc.‘ed by the addition of 
potassium iodide to a warm solution of the chloride, wlien it is j>rt‘- 
cipitated in needle-shaped crystals which arc usually \'(‘ii()wish brown, 
but on recrystallisation from water and tlic further addition of potassium 
iodide may be obtained colourless. It may be heated to 100° C. without 
change. 

The sulphate, [Ir(NH3)5N02]S04, is formed on mixing a concerd raled 
warm aqueous solution of the chloride with sodium sulpiudcx It is 
sparingly soluble in water and stable on heating to 100 ('. 

The nitrite, [Ir(NH3)5N02](N02)2, erysiall’isc's in eolourh ‘ss |)lal(‘.s, 
and is prepared from the chloride and silver nitrite. 

The nitro-pentammino-iridiuni salts resemble tliose of eliromiuiii, 
cobalt, and rhodium, and react similarly towards reanenis, hut lh<-v an' 
more stable towards acids. They {rive on lono' heatiiiir with hydro- 
chloric acid chloro-pentammino-deriv'ati\-cs, but are not deeoiiiposcd 
by concentrated nitric acid nor by aqua-rc{ria, and oiilv slowly deeom])ose 
on heating with concentrated sulphuric acid at 10(T' ’('.•> 

(iv) Hydroxo-pentammino-iridium Salts. 

These salts have not been investigated. The\' arc represeiiled l)\- the 
hydroxo-hydroxide, [Ir(NH3)50iIJ(6lI)„ described by Clans.' 


(v) Diacido-tetrammino -iridium Salts, [Ir(NH.,),R,.]R. 

Dinitrito-tetrammino-iridium Chloride, | Ir(NH.,),{X().,)..|Cl, is 
prepared by heating sodium iridio-tetranitrito diehloridc-, i IrCi “(X().’)|( 


1 Palmaer, Ber., 1890, 23 , 3810. ■•= Palmaer, y^riUch. onwn. (■h, ni 

Wenier and Vries, Aimakn, 1909, 364 , 108. ■> Clans, jahnd>n-., 


I-S'j.), 10, :>2o. 
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Nag.^HgO, with 27 per cent, aqueous ammonia in a closed tube at 170° C. 
for nine hours. The mixture becomes colourless, and on evaporation 
transparent light yellow needles or leaflets separate. These are mixed 
with nitrite, and are purified by dissolving in water and repeated re- 
crystallisation from dilute hydrochloric acid. It is soluble in water 
and stable towards concentrated hydrochloric acid and nitric acid. On 
heating with sodium-nitrite solution in presence of acetic acid no change 
takes place, and the dinitro-salt is recovered unchanged. If heated 
strongly the salt becomes browm and decomposes suddenly, leaving a 
grey mass of metallic iridium. The other salts of the series are obtained 
from this by double decomposition with alkali salts. ^ 

Dinitrito - tetrammino - iridium Bromide, [Ir(NH3)4(N02)2] 
Br.HgO, separates in long, colourless, flat prisms, and may be obtained 
anhydrous by recrystallisation from hydrobromic-acid solution. The 
hydrated salts lose water on heating hut not over phosphorus pentoxide. 

The iodide, [Ir(NH3)4(N02)2]I, crystallises in colourless leaflets or 
prisms, and is prepared by mixing a solution of the chloride with 
potassium iodide. 

The sulphate, [Ir(NH3)4(N02)2]2S04.|H20, is obtained by decom- 
posing the chloride with potassium sulphate or sulphuric acid. On 
cooling the solution needle-shaped crystals separate. It is somewdaat 
sparingly soluble in both hot and cold water, but dissolves on the addition 
of a small quantity of sulphuric acid. With large quantities of sulphuric 
acid an acid salt is formed. 

The nitrite, [Ir(NH3)4(N02)2]N02.H20j is easily soluble in water, 
and on addition of sodium nitrite to a solution of the chloride is only 
partially formed. It is best prepared by heating the chloride with 
silver nitrite for some time on a water-bath, filtering from silver chloride 
and concentrating the filtrate. It crystallises in colourless glistening 
leaflets. 

The dinitrito-salts do not decompose with concentrated acids ; the 
salts are mostly soluble in water, and again are more stable than the 
corresponding cobalt salts, which react easily with acids with replace- 
ment of nitro-groups. Ammonia attacks the cobaltic series, forming 
nitrito-pentammino-salts, whereas very little nitrito-pentammino-iridium 
salt is produced even on heating the dinitrito-tetrammino-iridium salts 
with ammonia in a closed tube to 200° C.^ 

Dichloro -tetrammino -iridium Chloride, [Ir(NH3)4Cl2]Cl.H20, 
is produced when dinitrito-tetrammino-iridium chloride is heated with 
ammonium chloride and concentrated hydrochloric acid for several 
hours. A yellow liquid is obtained, from which on evaporation a yellow 
crystalline precipitate separates containing the chloro-compound 
mixed with ammonium chloride. This is collected, dissolved in warm 
water, filtered, and allowed to crystallise on the addition of hydro- 
chloric acid. It separates in yellow needles and prisms which are 
impure, but are purified on further recrystallisation from warm water 
containing acid. It loses water on heating, and finally leaves a residue 
of iridium. Concentrated hydrochloric acid does not attack the salt. 

Dichloro - tetrammino - iridium Sulphate, [Ir(NH 3)4012] 2 
SO4.II2O, is obtained by rubbing the chloride with concentrated 
sulphuric acid till no more hydrochloric acid is evolved. The residue 

^ Werner and Vries, Amialen, 1909, 364 , 95. 

2 Werner and Vries, ibid,, 1909, 364 , 101. 
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is dissolved in water, cooled, and allowed to crystallise. It crystallises 
in thin glistening yellow leaflets which are sparingly soluble in water. 
The water of hydration is more firmly bound than in the case of the 
chloride. 

The bromide:, [Ir(NH 3 ) 4 Cl 2 ]Br.H 20 , is prepared by the addition of 
concentrated hydrobromic acid to a warm solution of the chloride, when 
the crystalline compound separates. It is recrystallised from warm 
water and obtained in yellow needles or prisms which resemble the 
chloride. It loses water at 80 ° C. 

The iodide, [Ir(NH3)4Cl2]I, is produced by adding solid potassium 
iodide to a warm aqueous solution of the chloride. It crystallises in 
yellow needles which are less soluble than the chloride. 

The chlor-iridite, [Ir(NH3)4Cl2]3[IrCl6], is precipitated from a solu- 
tion of the dichloro-chloride by iridium trichloride or potassium hexa- 
chloridite. It is slightly yellow in colour, sparingly soluble in water, 
and crystallises from hot water in fine needle-shaped crystals. 

The properties of the dichloro-tetrammino-iridium salts are similar 
to those of the dinitrito-compounds.^ 

(vi) Triacido-triammino -iridium Compounds, [Ir(NH3)3R3]. 

Trinitrito-triammino -iridium, [Ir(NH 3 ) 3 (N 02 ) 3 ], is obtained by 
heating sodium tetranitro-dichloro-iridite, [Ir(N02)4Cl2iNa3.2H20, with 
27 per cent, aqueous ammonia for eighteen hours in a sealed tube at 
140 ° C. The solution is then evaporated and the salt crystallised 
repeatedly. It is only freed with difficulty from chloride by boiling 
with sodium nitrite. It crystallises in pale yellow transparent crystals, 
is sparingly soluble in cold, and slightly soluble in hot, water. It is 
unaffected by boiling hydrochloric acid or concentrated nitric acid, 
and decomposes on heating with concentrated sulphuric acid at 85 ° C. 
The aqueous solution is non-conducting. Potassium hydroxide does 
not attack the substance even on boiling. Warm aqueous silver nitrate 
causes no decomposition, and concentrated aqueous ammonia acts upon 
it only in a closed tube at 160 ° C. It is therefore more stable than the 
corresponding cobalt compound. 

Trichloro-triammino-iridium, [Ir(NH3)3Cl3], appears to be 
formed when the trinitrito-compound is heated with ammonium chloride 
and hydrochloric acid at 180 ° C. for nine hours, but the substance has 
not been obtained pure. It also is yellow in colour. ^ 

Two series of complex iridium salts corresponding to the hexainmino- 
and diacido-iridium salts have been prepared containing ethylene- 
diamine. These have the same general characteristics as the ammino- 
salts. Both series have been resolved into optically active isomers, 
the dinitrito-series by means of d- and 1 -bromo-camphor sulphonic acid, 
and the triethylenediamino-series by d- and 1 -nitro-camphor. Attempts 
have been made to prepare ethylenediamino-derivatives containing 
tetra valent iridium. Thus, sodium hexachloro-iridate, [IrClgJNag, 
reacts with ethylenediamine, but the products are syrupy and cannot 
be purified. Derivatives of trivalent iridium, however, have been 
prepared. These are crystalline and fairly easily purified. The 

1 Palmaer, Zeitsch. anorg, Chem., 1896, 13 , 211 ; Werner and Vries, AnnaUn, 1909, 

364, 113. 

- Werner and Vries, Annalen, 1909, 364 , 91, 
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starting material is sodium dichloro-tetranitro-iridite, [IrCl2(N02)4] 
Na3.2H20. The salt is heated in a sealed tube at 170° C. for several 
hours with ethylenediamine nionohydrate. The reaction mixture is 
treated with hydriodic acid, thus giving a mixture of racemic dinitrito- 
diethylenediamino-iridium iodide, [Ir en2(N02)2]I, and racemic tri- 
ethylenediamino-iridium iodide, [Ir eii^jlg. From these iodides the 
other salts are prepared. 

Racemic Series. 

Dinitrito - diethylen^diamino - iridium Iodide, [Ir en2(N02)2]l5 
crystallises from water in colourless prisms. 

Dinitrito -diethylenediamino -iridium Bromide, [Ir en2(N02)2] 
Br, is prepared by transforming the iodide into d-bromo-camphor sulphon- 
ate and decomposing it with hydrobromic acid. It crystallises from dilute 
alcohol in colourless needles. 

The nitrate, [Ir en2(N02)2]N03, is obtained from the bromide by 
decomposition with silver nitrate. It crystallises in prisms. 

The perchloyrite, [Ir en2(N02)2]C104, separates as a crystalline 
powder. 

The bromo-camphor sulphonate, [Ir en2(N02)2][d- CioHiP^BrS], is 
prepared by treating the iodide with silver bromo-camphor sulphonate. 
It separates as a vitreous mass. 

Theoretically two dinitro-series are possible, but only one has been 
obtained, and, as the bromo-camphor sulphonate is separable into two 
optically active components, the series prepared is regarded as the cis-, 
or 1-, 2-series. 


cl- Dinitro-diethyleneclicimino-iriclium S alts, 

d -Dinitrito -diethylenediamino -iridium d-campiior Sulphon- 
ate, d-[Ir en2(N02)2][d-CioIl4504S], has a rotation of [a]D+25-6°. 

The bromide crystallises in colourless shining polyhedra with 
rotation [a]i)H-26°, [M]d+126T5°. ^ 

The perchlorate is a crystalline powder with rotation [a] d + 24*8°, 
[M]r)+125*07°. 

The nitrate crystallises in Hat sliining needles witli rotation 
[a], > + 27*2°, [M], > + 127-10°. 

I- Dinitro-dietliylenedicimino-iridmni S alts. 

1 -Dinitrito -diethylenediamino -iridium 1 -camphor Sulphonate 
gives rotation [a]i,)-~26°. 

The bromide gives rotation [aji)— 2G°, [M’Jd — 126*15°. 

The perchlorate gives rotation [a [ d— 25-0°, [M]r) — 129*20° ; and the 
nitrate gives rotation [aJi)— 26*8°, [Mio — 125-23°. 

Triethylenediamino -iridium Salts, [Ir en3]R3.~From the 
mother-liquor after crystallisation of dinitro-diethylenediamino-iridium 
d-cam23hor sulphonate, the d-camphor sulphonate ot racemic triethylene- 
diamino-iridium crystallises. 

The racemic salts prepared are the bromide, [Ir en3]Br3.3H2^j 
nitrate, and the perchlorate. All are colourless crystalline bodies. 
The bromide yields with sodium d-camphor nitronate, 1-triethylene- 
diamino-iridium d-camphor nitronate, and from the filtrate after 
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separating this salt the d-iodide is precipitated by means of potassium 
iodide. 

The d'Series, 

Triethylenediamino -iridium Iodide, [Irengjig, has rotation 
rct],^+42°, [M]d+ 316-72° ; the nitrate, [a]D+57*2°, [M]d +319-07'" ; 
the perchlorate, [a]D+43-5°5 [M]d+325-8°. 

The ISeries, 

1-Triethylenediamino-iridium d-camphor Nitronate is a 
crystalline powder which is sparingly soluble in water. 

The l-hromideis readily soluble in water, and has rotation [ajo — 50 °, 
[M]d— 240-16° ; the nitrate, [a]D— 57-5°, [M]o— 321-64°. 

The rotatory power of the triethylenediamino-series is greater than 
that of the dinitro -series, and of about the same order as that of the 
corresponding salts of rhodium and platinum.^ 

Several complex iridium compounds containing pyridine have been 
prepared. 

Potassium Pentachloro-pyridino-iridite, [Ir pyClgJKg, is pre- 
pared by heating a mixture of potassium hexachloro-iridite, [IrClgjlvg, 
and pyridine at 100° C. It is a reddish-brown salt which forms an 
orange-coloured solution in water, and on heating with chlorine yields 
pentachloro-pyridino-iridic acid, [Ir^^pyClg]!!. 

Potassium Tetrachloro-dipyridino-iridite, [Ir'^pygClJIv, is 
formed in the same manner as the mono-pyridino-compound, but on 
longer heating. The substance occurs in two isomeric forms, one orange- 
yellow, the other red. On oxidation with chlorine or nitric acid, tctra- 
chloro-dipyridino-iridium, [Ir^^py20l4], is produced. It is a crystalline 
body, and with potassium iodide yields potassium tetrachloro-dipyridino- 
iridite thus : 

[IriVpygClJ+KI-~->[Ir"'pygCl4]K+I. 

Ammonia reacts with the compound, yielding two substances : 
[Ir"'py,(NH3),Cl,][Ir'''py,ClJ and [Ir'”py3(NH3)3Cl][Ir'"py.X'l,,l3. 

Potassium Dioxalato-dipyridino-iridite, [Ir "'Py2(<^20.l)2|iV’ 
may be prepared by the action of pyridine on potassium trioxalato- 
iridite, [Ir(C2^4)3]K3, or potassium dichloro-dioxalato-iriditc, | IrOL 
(^'2^4)21^35 130° C. The substance is crystalline, and on tixiatment 

with hydrochloric acid at 130° C. yields a chloro-aquo-derivatixa*, 
[Ir'"py2(H20)ClC204], which crystallises in yellow needles, and a. inor(‘ 
complex compound, [Ir'"py2(H20)2Cl2][Ir'"py2Cl4], which crystallises 
in orange-yellow prisms. From the latter substance on treatment 
with ammonia, ammonium tetrachloro-dipyridino-iridite, |Tr'"py2(1.i| 
NH4, is formed, and a hydroxo-compound, [Tr'"py2(H2^^)(fdi)l'l2l’ 
which separates in yellow crystals. 

The dioxalato-dipyridino-iridium compounds cannot be nxsohaal 
into optical isomers, although the m-form of the compound, Ifrdo 
(C204)2]K3, has been resolved through the strychnine compounds.^ 
Trichloro-tripyridino -iridium, [IrpygClg], is produced })y lieat- 
ing potassium tetrachloro-dipyridino-iridite to a temperature of 130° C'. 

1 Werner and Smirnov, Helv. Chim. Acta., 1920, 3 , 472 ; Chem. Zentr., 1920, 3 , ,381. 

“ Delepine, Compt. rend., 1914, 159 , 239. 
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Using the orange modification two isomers can be isolated, whilst only 
one is obtained from the red form. The orange-coloured salts and 
their products correspond to the m-form, and may be expected to give 
optical isomers, whilst the red salt is the trans-iorm^ 


AMMINO-DERIVATIVES OF PLATINUM SALTS. 

Platinum forms both platinous and platinic salts, in which the metal 
is divalent and tetravalent respectively. Both series of salts are capable 
of uniting with ammonia, forming complex ammines. The co-ordination 
number in the platinous series is four and in the platinic series six. The 
latter series correspond in many respects to the chromic and cobaltic 
ammino-salts, but as the metal is tetravalent, the maximum number 
of radicles outside the complex is four instead of three. Also, the 
ammino-bases from which the salts are derived are much more stable 
than those of chromium or cobalt. 

The first ammino-derivative of platinum was prepared by Magnus 
in 1828 by the action of ammonia on platinous chloride. It is a 
green insoluble compound of composition PtCl2{NH3)2, and is usually 
referred to as Magnus^ green salt. The preparation of this salt led to 
researches by Gros, Beiset, and Peyronne, who obtaiiied other ammino- 
compounds and correlated these with Magnus’ salt.^ The ammino- 
derivatives of platinum salt may be classified according to the following 
scheme : — 

A. Ammino -derivatives of platinous salts. 

1 . Tetrammino-platinous salts, plato-diammine salts. 

General formula [Pt(NH3)4]R2. 

2 . Acido-triarmnino-platinous salts, plato-monodiammine salts. 

General formula [Pt(NH3)3R]R. 

3 . lyiacido-diammino-platinous salts, platos-aimnines or jola.to-semi- 

diammines. 

General formula [Pt(NH3)2R2]- 

4. Triacido- ammino- platinous salts, plato-semi-ammine compounds. 

General formula [Pt(NH3)R3]M. 

B. Ammino -derivatives of platinic salts. 

(These derivatives are formed from the platinous series by oxidation.) 

1 . Hexammino- platinic salts, DrechseFs base. 

General formula [Pt(NH3)c]R4. 

2 . Acido-jjentammino-platinic salts, [Pt(NH3)5R]R3. 

3 . Diacido-tetrammino-platinic salts, platini-diammine compounds. 

General formula [Pt(NH3)4R2]R2- 

4 . Triacido-triarnmino- platinic salts, platini-nionodiammine com- 

pounds. 

General formula [Pt(NPl3)3R3]R. 

^ Delejnnc, Commit, rend., 1922, 32 , 607. 

2 Magnus, Pogej. Annalen, 1828, 14 , 204 ; Gros, Ann. Chim. Phys., 1838, 69 , 204 ; 
Reiset, ibid., 1844, ii, 417 ; Compt. rend., 1844, 18 , 1103 ; Peyronne, ibid., 1844, 12 , 193 ; 
1846, 16 , 462. 
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5 . Tetracido-diammino-platinic compoimds, platini-ammineft or* 

platini-semi-diammines. 

General formula [Pt(NH3)2R4]- 

6. Pentacido-ammino-platinic salts, platini-semi-aimnine compounds. 

General formula [Pt(NH3)R5]M. 

C. Diplato-ammino-salts. 

D. Diplati-ammino-salts. 

A. Ammino- derivatives of Platinous Salts. 

1 . Tetrammino-platinous Salts, [Pt(NH3)4]R2.^ 

These salts are obtained by treating chloroplatinous acid, [PtClJHo, 
with ammonia, or by the addition of ammonia to diacido-diammino- 
platinum. On heating, the salts lose two molecules of ammonia and 
pass into diacido-diammino-platinum. Halogens oxidise the salts ol 
this series, yielding diacido-tetrammino-platinic salts. Most of the salts 
are sparingly soluble in water, and can be obtained by treating a 
solution of the soluble chloride with the corresponding acid. 

Tetrammino -platinous Chloride, [Pt(NH3)4]Cl2.H20, is pro- 
duced by boiling platinous chloride with excess of ammonia and evapor- 
ating the solution with the addition of ammonia till the green salt ol 
Magnus, .[Pt(NH3)4][PtCl4], first formed is redissolvcd. On cooling 
and concentrating the liquid the salt crystallises. The substance 
crystallises in colourless needles which lose water at 110° C. Tlic 
anhydrous salt dissolves easily in hot water and is precipitated from 
solution by alcohol. At 250 ° C. it loses two molecules of ammonia, 
and is transformed into the sparingly soluble yellow dichloro-diammino- 
platinum. Sodium hydroxide does not liberate ammonia from the salt, 
and chlorine oxidises it, yielding dichloro-tetrammino-platinic chloride, 
[Pt(NH3)4Cl2]Cl2. All the chlorine in the salt is precipitated l)y 
aqueous silver nitrate, thus showing the chlorine to be outside the 
metallic complex. It reacts readily with several of the metallic eliloridc's 
with formation of double chlorides ; for example, | Pt(Nll3)4|Ch>.SnC'l 
[Pt(NH3)4]Cl2.ZnCl2, and [Pt(NH3)4]Cl2.PbCl2." 

Tetrammino-platinous Chloroplatinite, [Pt (NH 3 ) 4] PtCl 4, Ma.gi n 1 s ’ 
green salt, is the longest known of the platinous compounds con- 
taining ammonia, and forms the starting-point in the preparation of 
many of the ammino-derivatives of platinum. It may })c obtained 
by heating chloroplatinous acid with aqueous ammonia. It is sparingly 
soluble, and on cooling separates as a green crystalline compound. 
The constitution of the substance is established from its ibrniation 
from tetrammino-platinous chloride and platinous chloride, also iVoin 
the fact that an aqueous solution of silver nitrate reacts with tlu^ 
salt, yielding a precipitate of silver chloroplatinitc and a solution ol‘ 
tetrammino-platinous nitrate thus : 

[Pt(NH 3 ),]PtCl,+ 2 AgN 03 — ^[Pt(NH3)4](N03)3+Ag3PtCl,. 

It is insoluble in water but soluble in warm aqueous ammonia, and on 

^ The older names of the salts are given in the classification, and the names expressing 
the composition of the salts are used in the text throughout. 

2 Buckton, Annalen, 1852 , 84, 270 . 
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treatment with nitric acid or chlorine is transformed into a diacido- 
tetrammino-platinic salt A 

The chloroplatinate, [Pt(NH3)4]PtCle, is prepared by mixing a cold 
solution of sodium chloroplatinate with tetrammino-platinous chloride, 
when the salt separates as a yellow flocculent precipitate. It decom- 
poses slowly at ordinary temperature and more rapidly on boiling, 
yielding the chloroplatinite.^ 

The sulphate, [Pt(NH3)4]S04, may be prepared by treating the 
chloride with silver sulphate, or by the addition of sulphuric acid to a 
solution of the chloride. In the latter case an acid salt is first formed 
which crystallises in nacreous leaflets. This decomposes on boiling 
with water in presence of ammonia, yielding the neutral sulphate. It 
is sparingly soluble in water but soluble in sulphuric acid. Chlorine 
and bromine oxidise it, as in the case of the chloride. 

The bromide, [Pt(NH3)4]Br2.1-2-H20, is obtained from the sulphate 
on treatment with barium bromide. It crystallises in colourless prisms 
which are very soluble in water and lose water of hydration at 100° C. 

The iodide, [Pt(NI:l3)4]l2, is prepared like the bromide. It crystal- 
lises in pearly leaflets, and a solution of the salt in water loses ammonia 
on boiling, leaving diodo-diammino-platinum. 

Tetrammino-platinous Hydroxide, [Pt(NIl3)4](OII)2, the base 
of the series, is isolated by treating a solution of the sulphate with 
baryta. The liquid is filtered and evaporated in vacuo, when the 
hydroxide separates in white deliquescent needles. It is a strong 
base, absorbs carbon dioxide from the air, displaces ammonia from 
its salts, and precipitates metallic hydroxides from solution of their 
salts. It decomposes at 110° C., and ammonia is not liberated from 
it by potassium hydroxide. 

The nitrate, [Pt(NH3)4](N03)2, is best prepared by precipitation of 
a solution of the chloride with excess of nitric acid. It crystallises in 
colourless monoclinic needles which are soluble in boiling water and 
explode on heating. 

The nitrite, [Pt(NH3)4](N02)2-2H20, is prepared from the chloride 
by treating with silver nitrite. It crystallises in short prisms which 
effloresce in air and are easily soluble in water. 

The carbonate, [Pt(NH3)4]C03.H20, is obtained along with 
the bicarbonate, [Pt(NIl3)4]C03.H2C03, and the sesqui-carbonate, 
2{[Pt(NH3)4]C03}.H2C03j by mixing carbon dioxide with the free 
base. It is a colourless crystalline compound. 

Tetrammino-platinous salts are known containing pyridine in place 
of ammonia. Thus, diammino-dipyridino-platinous salts have been 
prepared. These salts are interesting, as they exist in isomeric forms, 
and through them the configuration of the isomeric diacido-diammino- 
platinous compounds have been determined. It is well known that 
diacido-diammino-platinum exists in stereo-isomeric forms. These 
isomers react with two molecules of pyridine in such a manner that 
pyridine replaces acidic radicles in the complex with formation of 
diammino-dipyridino-platinous salts. Depending upon which isomer is 
treated with pyridine, two different diammino-dipyridino-platinous salts 
are produced. Cis~ or unsymmetrical dichloro-diammino-platinum is 

^ Jorgensen and Sorensen {ZeitscJi. anorg. Ohem., 1906, 48 , 441) describe a red modi- 
fication of Magnus’ green salt, which is probably a polymer of the usual green form. 

“ Cossa, Gazzetta, 1890, 20 , 725 ; 1895, 25 , 505. 
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acted upon by pyridine, jdelding c*,'?-diaminino-dipyridino-])latinous 
chloride thus : 


NH, 

NH, 


Pt 


cr 


Cl 


+2py— 


-NH 3 . 

\pt, 

NH 3 / Npyj 


/py 


C 12 ; 


whilst trans- or unsymmetrical dichloro-diammino-platinum also reacts 
with pyridine, yielding ^m?? 5 -diammino-dipyridino-platinotis chloride, 


'NH 3 . 

\pf/ 

_ py/ \nH3 


/Py 


Cl„ 


The two isomers differ in their behaviour towards heat ; the cl.s-form 
loses one molecule of ammonia and one of pyridine, yielding dichloro- 
amraino-pyridino-platinum, 


“NH 

NH 



'Py 

'py_ 



+NH;5+py- 


The fraws-form loses either two molecules of ammonia or two 
molecules of pyridine, forming a mixture of dichloro-diammino-platinum 
and dichloro-dipyridino-i^latinuin, 

“ Ck /Nllg- 


py\. 

NH 


Pt. 


•NH,' 


py 


CL 


>Pt. 


NH 3 - 

'VY- 

Cl 


Cl 


+2py 




(^1 




py- 




Ethylenediamine, propylenediainine, and other bases of this tyjx^ 
may replace all or part of the ammonia in the tetrammino-saits. Tlu^ 
substances are obtained by treating ])ota.ssiimi cliloro])latinite with the 
base. The compounds have the same general cliara(;tcristies as tii(‘ 
tetrammino -salts themselves, but are more stable. “ 

Dipropylenediamino-platinous Chloride, [Ft piu](-lo, crystal- 
lises in greyish-white leaflets, and is prepared by l)oiling a solution ol* 
potassium chloroplatinite with propylencdiaminc under a rcilux until 
the yellow precipitate first formed dissolves. 

Dipropylenediamino-platinous Hydroxide, [Ft pnoKOII)^, is 
obtained from the chloride by shaking it with freshly ])rccipitatc‘d sihx^r 
oxide. It is strongly alkaline in reaction, absorbs carbon dioxides from 
the air, and has the properties of an alkali l)ase. 

Dipropylenediamino-platinous Bromide, [Ftpin>|Hr.H crystal- 
lises in colourless leaflets which are easily sohdfle in water, 'riu* iodide 
is also very soluble in water. 

Propylenediamino -diammino -platinous Chloride , [ Ft ( N 1 1 .j ) o 

pnJClg, is produced by the cautious addition of ammonia to dicliloro- 
propylenediamino-platinum, [PtpnClg], suspended in boiling water. 

1 Jorgensen, J. prakt. Cliem., 1886 , 33, 510 ; Werner, Zeitsch. iinorq. (Jhnn,, iHiKl 
3, 310 . 

2 Jorgensen, Zeitsch, anorg. Chem., 1906 , 48, 374. 
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It is insoluble in water, microcrystalline, and lilac in colour A Many 
of these derivatives of platinum containing organic bases have been 
obtained in optically active forms. Those containing 1 -propyl ene- 
diamine will serve as examples. These are easily prepared, and as they 
are remarkably stable are easily examined for optical properties. The 
compounds are prepared by the interaction of c^ 5 -dichloro-l-propylene- 
diamino-platinum, [Pt pnClg], with the calculated quantity of the 
corresponding base, 1 -propylenediamine, ammonia, ethylenediamine, 
or trimethylenediamine. The liquid obtained is evaporated on a water- 
bath and precipitated with alcohol. The di-derivative of 1 -propylene- 
diamine, [PtpnaJCla, has rotation [a]D+46*3r°, [M]d + 192*0°. 

Diammino-l-propylenediamino-platinous Chloride, [Pt(NH 3)2 
pn]Cl 2 , rotation [a]D+25*17°, [Mjo-f 94T4°. 

Ethylenediamino - 1 - propylenediamino ~ platinous Chloride, 
[PtenpiiJClg, has rotation [a]D+24-07°, [M]d+ 96-28° ; and tri- 

methylenediamino - 1 - propylenediamino - platinous chloride, 
[Pt tr pnJClg, has rotation [a]D+23-6°, [M]d+97‘70^ 

1-Propylenediamine itself has rotation [aj^— 28*04°, [M]d— 20*79°.2 

t 

Derivatives containing Hydroxylamine and Hydrazine in 
place of Ammonia. 

The complete series of compounds containing hydroxylamine in place 
of ammonia has been obtained thus : 

[Pt(NH3)JCl2-~->[Pt(NH3)3(NPl20PI)]Cl2----->[Pt(NIl3)2(NPl20H)2]Cl2 

--->[Pt(NH3)(NPl20H)3]Cl2-->[Pt(NH20H)4]Cl2. 

The third member exists in two isomeric forms, namely, a cw'-form 
and a trans-form. The starting material is c^ 5 “dichloro-diammino- 
-Ck .NH 3 "- 

platinum, /Ptq > which is digested with hydroxylamine in 

_CK \NH 3 J 

aqueous solution. 

From the reaction c^5-diammino -dihydroxylamino - platinous 
rNiisOik .NH 3 

chloride, \Pt<^ Cl 2 , is obtained. On treating it with 

_NIl 20 IF \NH 3 J 

hydrochloric acid it yields a mixed compound, which easily unites with 
two molecules of hydroxylamine to give trihydroxylamino-ammino- 
platinous chloride, [Pt(NH 3 )(NH 20 H) 3 ]Clo, or with two molecules 
of ammonia to give tetrammino-):>latinous chloride. Trans-disi.mmino- 
dihydroxylamino-platinous chloride is prepared by the action of hydroxyl- 
amine on an aqueous solution of ^mu 6 '-dichloro-diammino-platinum, 
Ck /NH 3 - 

APtA . These compounds are colourless compounds which 

jsm/ \ci 

are soluble in water ; they yield chloroplatinites on treatment with 
potassium chloroplatinite. The first two are green in colour, as also the 
salt of /'mn. 9 -diammino-dihydroxylamino-platinous chloride, and the 
others arc rose-violet in colour. The different colour of the chloro- 

^ Werner, ZeiUch. anovg. Chv.m., 1899, 21, 201. 

- Tschiigaetl: and Hokoloff, Btr., 1907, 40, 3461. The molecular rotations as quoted 
by the authors are a^iparently divided by 100. 
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platinite of the trmis- and the m-isomers serves to distinguish these 
compounds.^ 

Hydroxylamine plays the same part in the molecule as ammoma 
in ammino-platinum compounds, but the substances differ somewhat 
in chemical behaviour, for hydroxylamine is more readily eliminated 
than ammonia from the complex. Also, m-dihydroxylamino-diehloro- 
platinum is not obtained by the interaction of free hydroxylamine and 
potassium ehloroplatinite, the method used for the preparation of cis- 
dichloro-diammino-platinum. Again, tetrammino-platinous hydroxide, 
[Pt(NH3)4](OH)2, is a very strong base and easily soluble in water, 
whilst tetrahydroxylamino-platinous hydroxide, [Pt(NH20H)4](0H)2, 
is almost insoluble in water and a comparatively weak base.^ For 
this reason Werner ® suggested a different formula for the two _ sub- 
stances, and indicated that possibly in the tetrahydroxylamino-com- 
pound the co-ordination number of the metal is six and not four, as 
in the tetrammino-compounds thus : 

OH 



-NH 3 \ 

/NH3-1 


'NHaOH-^ 

1 /NHaOH' 



>pt/ 

(OH) 2 and 


>Pt< 


_NH3/ 

\NH3J 

_NH 20 H/ 

1 ^NHaOFlJ 


Aquo-triammino-platinous salts havfe been described of general 
formula [Pt(NH 3 ) 3 H 20 ]R 2 . These are prepared by passing a current 
of air through a solution of diammino-dihydroxylamino-platinous 
chloride, [Pt(NH3)2(NH20H)2]Cl2, containing ammonia and ammonium 
sulphate and a small quantity of any copper salt. Oxidation takes 
place, and a colourless crystalline precipitate is obtained which is soluble 
in warm dilute sulphuric acid. Analysis of this product indicates that 
it is probably a diplatinum derivative of composition 


/OH. 

(NH3)4Pt/ >Pt(NH3)4 

OH/ 


SO 


45 


one of the diol-compounds containing metal with co-ordination. iiuinl)cr 
of six. On the addition of potassium ehloroplatinite to the acid solution 
a precipitate of aquo-triammino-platinous ehloroplatinite, [Pt(Nn;{);5 
HgOJPtC]^, separates, which on warming with dilute hydrochloric acid 
or a soluble chloride yields Cleve’s salt, [Pt(NH3)3Cl]PtCl4. Aqiio-triani- 
mino-platinous bromoplatinite, [Pt(NI-l3)3l-l20]PtBr4, is prex>ared by 
the addition of potassium bromoplatinite to the acid solution. It 
crystallises in green needles and, like the chloride, is converted by 
hydrobromic acid into bromo-triammino-platinous bromoi^latinite, 
[Pt(NH3)3Br]PtBr,.4 

Complex platinous derivatives containing hydrazine are easily 
prepared by acting upon dichloro-diammino-platinum with hydrazine 
hydrate in absence of water. The addition of alcohol precipitates 
diammino-dihy drazino-platinous chloride in colourless pr is matic 

^ Tscliugaeff and Tschernjcaev, Co7npt. retid., 1915, 161 , 637: Trans. Ohein. Sac., 1918, 
113,884. 

2 Tscliugacif and Tscliernjaeff, Trans. Ohem. tSoc., 1918, 113 , 884. 

^ Werner, Neuere Anscha^mngen auf dem Oebietc der anorqanisclie Chttnic (3r<JL edition), 
5, 197. 

^ Tscliugaeff and Tscliernjaeff, Compt. rend., 1915, 161 , 792. 
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crystals. ^ The compound may be kept for some time, but gradually 
darkens in colour due to liberation of platinum. Other salts of the 
series are prepared from the chloride by double decomposition. If 
hydrochloric acid be added to an aqueous solution of the chloride, a 
much less soluble crystalline compound is deposited which has com- 
position [Pt(NH3)2(N2H4)2]Cl2.2HCl. 

From the behaviour of the chloride, Tschugaeff and Grigorieff ^ 
assume that its constitution is represented by the formula 


LNH3 • 


Cl 


2 » 


whilst the dihydrochloride is given the structure, 


PH3-. 

‘;=Pt 

Lnh,-- 


N2H4.H" 

N2H4.H_ 


CL 


2. Acido-triammino-platinous Salts, [Pt(NH3)3R]R. 

The series was discovered by Cleve, hence the chloride, [Pt(NH3)3 
C1]C1, is known as Cleve^s salt This is the best known member of the 
series, and the one which has been most thoroughly investigated. 

Ghloro-triammino-platinous Chloride, [Pt(NH3)3Cl]Cl, may be 
obtained by the addition of ammonia to dichloro-diammino-platinum, 
[Pt(NH3)2Cl2], or by the elimination of ammonia from tetrammino- 
platinous chloride by the action of hydrochloric acid thus : 

[Pt(NH3)2Cl2]+NH3 — >[Pt(NH3)3Cl]Cl ; 

[Pt(NB[3) JCI2+HCI — ->[Pt(NH3)3Cl]Cl-f NH4CL 

Roth methods, however, give very poor yields, as the addition or elimin- 
ation of ammonia cannot be regulated, and therefore cannot be stopped 
at the required stage. 

The salt is most conveniently prei:)ared by the addition of ammonia 
to dichloro-diammino-platinum, using the salts of cyanic acid, which 
evolve ammonia when hydrolysed. 

Cis-dichloro-diammino-platinum is boiled with potassium cyanate 
till solution is complete. The resulting liquid is then mixed with 
hydrochloric acid, heated to boiling and cooled, when unchanged 
dichloro-salt crystallises and is filtered off. An excess of potassium 
chloroplatinite is added to the filtrate, yielding a precipitate of 
tetrammino-platinous chloroplatinite and chloro-triammino-platinous 
chloroplatinite. The mixture of salts is treated with hot water and 
hydrochloric acid, when the chloro-triammino-platinous chloroplatinite 
passes into solution, leaving the green salt undissolved. It crystallises 
from hot water in flesh-coloured, square-shaped plates. 

The chloride is obtained from the chloroplatinite by dissolving it 
in hot water slightly acidified with hydrochloric acid and treating the 
solution with tetrammino-platinous chloride, when the following reaction 
takes place : — 


[Pt(NH3)3Cl]oPtCL-)-[Pt(NE[3)4]CJ2 

-->2[Pt(NH3)3Cl]Cl + [Pt(NH3)JPtCl, 


^ Tschugaefi and Grigoriefc, Ber., 1914, 47 , 244. 
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The cooled solution is freed from tetrammino-platiaous chloro[)latiuite 
by filtration, and the salt crystallised by evaporation in vacuo.^ ^ 

Ghlor o - triammino - platinous Sulphate , [Pt (NIT 3 ) 3CT J SO 4, is 
obtained by treating the chloroplatinite with silver sulphate. It 
crystallises in colourless needles which are sparingly soluble in cold 
water but soluble in boiling water. 


3 . Diacido-diamjnino-platinum Salts, [Pt(NH 3 ) 2 ll 2 J- 
There are two classes of these compounds, the symmetrical or 
/m/i5-series, originally known as platos-ammines, with configuration 

NH3V yR 1 . ^ „ 

and the asymmetrical or m-series, originally 


>pt<; 

r/ \NH 3 . 


known as plato-semi-diammines, with configuration 


Nllav M 
>P 1 < 


LNIIa^ 


R 


Symmetrical or Trans'-diacido-diamniirio-2)lati)mi)i Co ^njU) louls. 

These substances are obtained by heating the corresponding tct rani- 
mino-platinous salts. They dissolve in aqueous ammonia with re- 
formation of the tetrammino-salts, and the}^ can take up two atoms 
of chlorine yielding the corresponding platinic compound tliiis : 

[Ptn(NH3)2R2]+Cl2--->[Pti^(NH3^ 

The compound most easily obtained is dichloro-diaminino-plat inunu 
and this forms the starting-point in the preparation of ot lua,’ numihca-s 
of the series. The conductivity of the substancc^s in solu tion is praelie- 
ally zero, Avhich agrees with the formula |Pt(NIl3)oR2], wh(‘r(i t.lu‘ acid 
radicles form part of the complex. 

S“Dichloro-diammino-platinum, [Pt(Nir3)2Ch>|, is obtaiiH cl by 
heating tetrammino-platinous chloride in the dry state till a.mmoniiun 
chloride begins to volatilise. As ammonia is lost tint (*oloiir <>l‘ the 
compound changes from white to yellow. The residue is tn^nti'd wiili 
water to remove the more soluble unchanged salt, and the crudi^ product 
is then purified by treating it witli aqueous silver nitrate, thus Idrming 
the nitrate and the chloro-comijoimd jirecipitated from solution liy the 
addition of hydrochloric acid. It is a yellow crystalline powden* 'mad(‘ 
up of microscopic rhombohedra, and is sparingly solut)l(* in cold, mid 
more soluble in hot, water. Silver nitrate reacts with it i mm(‘diatcly, 
with precipitation of all the chloride as silver chloride and format i<)n 
of the nitrato-compound, [Pt(NH3)2(N03)2|.- 

Dibromo-diammino -platinum, [PtCNII.j) Jh\;|, is pneipilahd 
from a solution of the nitrate by potassium bromide. It is a, v(Ho\v 
crystalline powder which is sparingly soluble in both hot a,n<i cold water. 

Di-iodo-diammino-platinum,[Pt(NIl 3 ) 2 l 2 |, is prodn<a‘d by loss of 
ammonia on boiling a solution of tctramniino-j)latinous iodide. It is 
precipitated as a bright yellow powder which is s})aringiv solubh^ in 
water. ^ ‘ ‘ 


^ T-schugaeff, Trani^, Ohem.. fioc., 1915, 107, 1247 ; 
67, I ; Peyronne, Annalen, 1847, 61, 178. 

" Peyronne, Annalen, 1844, 12, 193 ; 1840, 16, 422. 

^ Reiset, Compt. rend., 1840, 10, 870 ; ii, 711.’ 


Klasoii, J. in'ah'f. ('/am., Ilio:;, 



METAL-AMMINES OE OSMIUM, IRIDIUM, AND PLATINUM. 2 

The sulphato-dtxiYoMYe, [Pt(NH3)2S04].H20, is formed by treatii 
the chloro- or iodo-derivative with silver sulphate. It is yellowii 
white in colour and soluble in hot water. 

The chloro-sul^Uto-dLexiYditive, [Pt(NH 3)20.80311], is produced 1 
the action of sulphur dioxide on a boiling solution of the chloro-cor 
pound. It is readily soluble in water. 

The %droa30-compound of the series, dihydroxo-diammino-platinui 
[Pt(NH3)2(OH)2], is formed by treating the sulphato-derivative wii 
baryta water. A solution is obtained which is strongly alkalin 
liberates ammonia from ammonium salts, absorbs carbon dioxid 
and precipitates metallic salts. From the solution the hydroxide mi 
be easily crystallised.^ 

Asymmetrical or Cis-diacido-diammino-platinous Compounds, 

The chloride again forms the starting material for the j^reparation 
the other members of the series. 

Cis-dichloro-diammino-platinum, [Pt(NH3)2Cl2], was first pr 
pared by Peyronne.^ It is easily formed by adding ammonia to a co 
solution of platinous chloride in hydrochloric acid, when a greenish 
yellow voluminous precipitate separates. This is boiled with wat 
and filtered hot, when, on cooling the filtrate, the substance crystallis 
in yellow microscopic needles. It is sparingly soluble in water, ai 
is more pure yellow than the isomeric trans-com'povmd. Both cis~ ai 
^mn5-dichlorO“diammino-platinum are obtained on heating tetrammin 
platinous chloride with hydrochloric acid. 

Cis-dinitrato-diammino-platinum, [Pt(NH3)2(N03)2], is pr 
duced by acting on the dichloro-compound with silver nitrate. It 
a yellow powder. 

The dibromo-QompovLiid, [Pt(NH3)2Br2], is formed by the action 
potassium bromide on the nitrate. It crystallises in golden-yellc 
needles. 

The ^odo-derivative, [Pt(NH3)2l2]5 separates as a microcrystallii 
yellow powder on mixing aqueous potassium iodide and the nitrat 
compound. It is only slightly soluble in water. 

Both series of compounds easily add on halogen, passing into t] 
corresponding platinic derivatives. The configuration of the compoun 
is established by their behaviour on the addition of pyridine, as alreac 
explained under the tetrammino-platinous salts (see p. 228). 

4. Triacido-amviino-platinous Salts, [Pt(NH3)R3]M. 

This series of compounds may be produced by the elimination 
ammonia from the previous series by means of hydrochloric acid, 
is probable that the acid, [Pt(NH3)R3]H, is formed, but this has n 
been isolated, and only the potassium, ammonium, and silver salts a 
known. 

Potassium Trichloro-ammino-platinite, [Pt(NH3)Cl3]K.E[2' 
is obtained by the interaction of potassium chloroplatinite and tetr 
ammino-platinous chloride.^ It crystallises in orange-yellow orth 
rhombic prisms, is easily soluble in water and insoluble in alcoh( 

^ Odling, Cheiii. Neioa, 1870, 21 , 2(59. 

^ Peyronne, Ann. Cliim. Fhys., 1844, 12 , 193 ; 1846, 16 , 402. 

^ Cossa, Ber.f 1890, 23 , 2503. 
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Hydrochloric acid slowly transforms it into potassium chloroplatinite, 
and ammonia into diehloro-diammino-platinum, chloro-triammino- 
platinous chloride, and tetrammino-platinous chloride. Chlorine 
oxidises it, forming the corresponding salt of the platinic series. 

Silver Trichloro-ammino-platinite, [Pt(NH3)Ci3]Ag, is pre- 
cipitated as a yellow powder which is insoluble in water. 

Ammonium Trichlor o -ammino - platinite , [Pt (NH 3)01 
H2O, is obtained in the same way as the potassium salt, using ammonium 
chloroplatinite instead of the potassium salt. It crystallises in orange- 
red prisms. It easily loses hydrochloric acid, being transformed into 
dichloro-diammino-platinum. ^ 

In the ammino-platinous compounds there is, as in the other ammino- 
metallic compounds, a complete transition series from tetrammino- 
platinous salt to tetra-acido-platinous salt; for example, tetrammino- 
platinous chloride, [Pt(NH3)4]Cl2, chloro-triammino-platinous chloride, 
[Pt(NH3)3Cl]Cl, dichloro-diammino-platinum, [Pt(NH3)2Cl2], trichloro- 
ammino-platinous salt, [Pt(NH3)Cl3]K, and potassium chloroplatinite, 
[PtCleJKg, where all the ammonia is replaced by chlorine. Comparing 
the molecular conductivities, the first-mentioned compound has con- 
ductivity at 1000 litres dilution of 260 , the next 115 - 8 ; in the third 
compound the conductivity drops almost to zero, the fourth has con- 
ductivity of 106 * 8 , and the last salt has conductivity of 267 . ^ 


B. Ammino -derivatives of Platinic Salts. 

These compounds may be derived from the platinous series by the 
addition of two monovalent acido-groups or two atoms of halogen. 

1 . Hecoarmnino-platinic Salts, [Pt(NIT3)6]R4. 

The first compound of the series was prepared by Drechsel, lienee is 
referred to as “ DrechseFs base.” He found that platinum dissolves 
in a solution of ammonium carbonate if suitably influenced by an 
alternating current, giving a crystalline compound which is the carbonate, 
[Pt(NH3)6](C03)2, of the series. 

Hexammino -platinic Carbonate, [Pt(NH3)6](C03)2, is a colourless 
powder which is almost insoluble in water but soluble in acids with 
evolution of carbon dioxide and formation of the corresponding salt.^ 

Hexammino -platinic Chloride, |Pt(NH3)(j]Cl4, is produced by 
the addition of hydrochloric acid to a solution, of the carbonate in sodium 
carbonate. From the liquid colourless needles are gradually deposited. 
It is soluble in warm water and may be crystallised from aqueous 
solution. 

Hexammino -platinic Sulphate, [Pt(NH3)6](S04)2.H20, is pre- 
cipitated as a white amorphous powder on decomposing the chloride 
with sulphuric acid or a soluble sulphate. It is almost insoluble in 
water. 

Hexammino -platinic Hydroxide, [Pt(NH3)c| ( 011 ) 4 , he 

obtained by treating a boiling aqueous solution of the chloride with 

^ Jorgensen, ZeitscK emorg. Giieni., 1900, 24 , 153. 

- Werner and Miolati, Zeitsch. jjhyaikal. Chem., 1893, 12 , 35 ; 1894, 14 , 500 ; Werner 
and Hertz, ibid., 1901, 33 , 331. 

^ Drechsel, J. pm/r?. Chem., 1879, 20 , 378. 
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silver oxide. It crystallises in hexagonal plates which are sparingly 
soluble in water, give a strongly alkaline solution, and decompose 
ammonium salts and absorb carbon dioxide from the atmosphere. 

The nitrate, [Pt(NH3)6](N03)4, is easily soluble in water, crystallises 
in small colourless needles, and may be produced by treating the 
carbonate with nitric acid.^ 

2 . Acido-pentayrimino-platinic Salts, [Pt(NH3)5R]R3. 

These are represented by the chloro-pentammino-platinic salts. 
This series is difficult to prepare, but the chloro-derivatives may be 
obtained by the action of liquid ammonia on ammonium chloro- 
platinate, [PtCl6](NH4)2, in absence of water in a sealed tube at ordinary 
temperature. 

Chloro - pentammino - platinic Chloride, [Pt(NH3)5Cl]Cl3, is 
produced along with hexammino -platinic chloride by the action of 
liquid ammonia on ammonium chloroplatinate in a closed tube, keep- 
ing the materials dry. The mixture of the two platinic derivatives is 
separated by crystallisation, as the chloro-pentammino-derivative is more 
soluble in water than the hexammino-derivative. 

Chloro -pentammino “platinic Nitrate, [Pt(NH3)5Cl](N03)3, is 
formed by treating the chloride with concentrated nitric acid. It is 
less soluble than the chloride, and silver nitrate does not remove chlorine 
from it even on boiling. 

The carbonate, [Pt(NH3)5Cl] 2(003)3, and the sulphate, [Pt(NH3)5Cl]2 
(804)3, almost insoluble in water but easily soluble in sodium 
hydroxide. 

The trivalency of the complex ion, [Pt(NH3)5Cl]”', is confirmed 
by conductivity measurements, the chloride having conductivity 404 
at 1000 litres dilution, and by the power of the salts to coagulate 
colloidal solutions of arsenic trisulphide. 

All the salts may be reduced by means of zinc and dilute hydro- 
chloric acid, yielding the corresponding tetrammino-platinous salts. ^ 

A series of compounds has been prepared containing a hydroxo- 
group in place of an acidic group in the pentammino-platinic compounds. 
These have general formula [Pt(NH3)50HJR3. 

Hydroxo - pentammino-platinic Carbonate, [Pt(NH 3 ) 50 II ]2 
(003)3, is easily prepared by passing a current of ozone through a 
mixture of dichloro-diammino-platinum, ammonium carbonate, and 
excess of ammonia. It is precipitated as formed, being insoluble in 
water. The carbonate is decomposed by acetic acid, yielding the 
acetate, [Pt(NH3)50H](C2H302)3, and from this other salts of the 
series may be formed by the action of mineral acids. 

The chloride, [Pt(NH3)50H]Cl3.H20, crystallises in rhombic plates. 
The nitrate, [Pt(NH3)50H](N03)3, crystallises in needles. Both salts 
are soluble in water. The carbonate and the sulphate, like those of 
the hexammino- and the chloro-pentammino-series, are practically 
insoluble in water but soluble in sodium hydroxide. The chloride is 
easily reduced by zinc and hydrochloric acid, forming tetrammino- 
platinous chloride.^ 

^ Werner and Miolati, Ztilsck. phyaikal. ChctU:, 1893, 12 , 54 ; 1894, 14 , 500. 

“ TschugaeJff and Vladimiroff, Compt. rend., 1915, 160 , 840. 

^ Tschugaefi and Chlopin, ibid., 1915, 161 , 699. 
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3. Diacido-tetrammino-jplatinic Salts, [Pt(NH 3 ) 4 R 2 ]R 2 ‘ 

This series of compounds is formed by the action of halogen or 
nitric acid on tetrammino-platinous salts, or by the addition of ammonia 
to tetracido-diammino -platinum compounds. 

Two acidic radicles are within the complex and two are outside the 
complex and therefore ionised in solution. 

Dichlor o - tetr ammino - platinic Chloride , [Pt (NH 3 ) 4CI gJCl 2, is 
prepared by passing chlorine gas through a solution of tetrammino- 
platinous chloride till the liquid begins to turn red. From the cold 
dilute solution the salt crystallises with one molecule of water of crystal- 
lisation, whilst from more concentrated solutions the anhydrous salt 
is deposited. It may also be obtained by the action of ammonia on 
tetrachloro-diammino-platinum. It crystallises in pale yellow micro- 
scopic octahedra, is sparingly soluble in water, and only half of the 
chlorine is precipitated as silver chloride when the aqueous solution 
is treated with a cold solution of silver nitrate. Sulphuric acid eliminates 
only two molecules of chlorine.^ 

Dichloro-tetrammino- platinic Bromide, [Pt(NH3)4Cl2]Br2, is 
produced by treating the nitrate of the series with ammonium bromide, 
when the salt is precipitated as a yellow crystalline powder. Silver 
nitrate replaces two atoms of bromine by two nitrate radicles. 

Dichloro - tetrammino - platinic Sulphate, [Pt(NH3)4Cl2]S04, 
separates as a white crystalline powder when sulphuric acid is added 
to a warm aqueous solution of the nitrate. If the solution be kept cool 
a hydrated salt separates in small needles. The salt is sparingly soluble 
in water, and silver nitrate does not remove chlorine from a cold aqueous 
solution. 

Dichloro -tetrammino -platinic Nitrate, [Pt(NH3)4Cl2](N03)2, 
is obtained by treating tetrammino-platinous chloroidatinite with small 
quantities of nitric acid. It crystallises in slightly yellow prisms. 

The chloroplatinite, [Pt(NH3)4Cl2]PtCl4, may be prepared by the 
action of chloroplatinic acid on tetrammino-platinous chloride, or by 
the action of chlorine on Magnus’ green salt suspended in boiling water. 
It is a red crystalline substance which is only slightly soluble in water. 
Silver nitrate transforms the salt into a mixture of silver chloroplatinite 
and dichloro -tetrammino -platinic nitrate. 

The cMoroplatinate, [Pt(NH3)4Cl2]PtCl6, is obtained by mixing 
solutions of sodium chloroplatinate and dichloro -tetrammino-platinic 
nitrate, or by the prolonged action of chlorine on either the green salt 
of Magnus or the preceding salt suspended in water. It crystallises in 
brilliant yellow prisms which are soluble in hot water. Hydrochloric 
and nitric acids precipitate the chloride and the nitrate respectively.^ 

Dibromo -tetrammino -platinic Chloride, [Pt(NH3)4Br2]Cl2, is 
isomeric with dichloro -tetrammino-platinic bromide. It is formed by 
double decomposition between ammonium chloride and dibromo- 
tetrammino-platinic nitrate, when the salt separates as a yellow 
crystalline powder. Silver nitrate precipitates all the chloride and one 
atom of bromine in the molecule. 

Dibromo-tetrammino-platinic Bromide, [Pt(NIl3)4Br2]Br2, is 
precipitated as a sparingly soluble orange-coloured powder on the 

^ Grimm, Annahn, 1856, 99, 67 ; Werner and Miolati, ZeitscL physikal. Chem., 1803, 
12, 54. - Cossa, Ber., 1890, 23, 2503. 
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addition of ammonium bromide to the nitrate. Silver 2iitrate acts 
upon the warm solution with precipitation of three atoms of bromide. 

The sulphate, [Pt(NH3)4Br2]S04, separates as a lemon-yellow micro- 
crystalline powder on adding bromine to a solution of tetrammino- 
platinous sulphate. It is sparingly soluble in water. 

The nitrate, [Pt(NI-l3)4Br2](N03)2, is produced by the action of 
bromine on tetrammino-platinous nitrate. It crystallises in flat yellow 
prisms which are soluble in water, and silver nitrate precipitates in boil- 
ing solution one atom of bromine, replacing it by a hydroxo-group. 

The mixed salt, chloro-bromo-tetrammino-platinic chloride, 
[Pt(NH3)4ClBr]Cl2, separates as a yellow powder which is almost in- 
soluble in water on the addition of hydrochloric acid to bromo-hydroxo- 
tetrammino-platinic nitrate, [Pt(NH3)4Br(0H)](N03)2. 

Di-iodo-tetrammino-platinic Iodide, [Pt(NH3)4l2]l2, is formed 
by adding excess of potassium iodide to a solution of dichloro- or 
di-iodo-tetrammino-platinic nitrate. It gradually loses iodine when 
mixed with a solution of silver nitrate. Ammonia transforms it into 
a yellow crystalline powder, which appears to be a derivative of a 
diplatinic salt.^ 

Di-iodo-tetrammino-platinic Sulphate, [Pt(NH3)4l2]S04, is 
a brownish crystalline powder obtained by the action of iodine on 
tetrammino -platinous sulphate . 

The nitrate, [Pt(NIT3)4l2](N03)2, is produced in the same manner 
by the direct addition of iodine to tetrammino-platinous nitrate. It 
is soluble in hot water, and silver nitrate in boiling solution transforms 
the compound into nitrato-hydroxo-platinic nitrate. 

Dinitrato - tetrammino - platinic Chloride, [Pt(NH3)4(N03)2] 
Cl2.H2^j is prepared by treating a boiling solution of hydroxo-nitrato- 
tetrammino-platinic nitrate, [Pt(NIT3)4(0H)(N03)](N03)2, with hydro- 
chloric acid. It separates as a white crystalline powder which may 
be recrystallised from water in large rhombic crystals. It is soluble in 
cold water, and loses water of hydration on heating to 100° C. Chlorine 
is completely precipitated by silver nitrate ; it therefore differs in this 
respect from the nitrate of dichloro -tetrammino -platinic series, with 
which it is isomeric. 

Ghloro - nitrato - tetrammino - platinic Sulphate, [Pt(NIl3)4 
C1(N03)]S04.H20, is obtained by dissolving chloro-nitrato-tetrammino- 
platinic nitrate in concentrated sulphuric acid and diluting with water. 
It crystallises in small prisms. 

Ghloro - nitrato - tetrammino - platinic Nitrate, [Pt(NH3) 4 
C1(N03)](N03)2, is formed by mixing a boiling saturated solution of 
chloro-hydroxo-tetrammino-platinic nitrate with concentrated nitric acid. 
It crystallises in orthorhombic prisms, and is decomposed by water with 
re-formation of the hydroxo-compound.^ 

Hydroxo - chloro - tetrammino - platinic Nitrate, [Pt(NH3)4 
(0PI)C1](N03)2, was first obtained by Raewsky ^ by the action of excess 
of nitric acid on the green salt of Magnus ; hence it is referred to as the 
nitrate of Raewsky. 

It is conveniently prepared by treating dichloro-tetrammino- 
platinic nitrate with silver nitrate. It crystallises in small white 

^ Jorgensen, J. fraht. Chem., 1877, 15, 427. 

2 Gros, Ann. Chim. Phys., 1838, 69, 204; Raewsky, ibid., 1848, 22, 278; Hadow, 
J. praht. Chem., 1867, 100, 30. ® Raewsky, Gom.pt. rend., 1847, 23, 353. 
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needles which are very sparingly soluble in cold water. Silver nitrate 
only acts on the solution after boiling for several hours. Hydrochloric 
acid attacks the salt, with formation of dichloro-tetrammino-platinic 
chloride. The other salts of the series are prepared from the nitrate 
by double decomposition. 

Hydroxo - chloro - tetrammino - platinic Chloride, [Pt(NH3)4 
(OH)Cl]Cl2, is precipitated in crystalline form by the addition of 
ammonium chloride to a solution of the nitrate. 

The carbonate, [Pt(NH3)4(0H)Cl]C03, and the bromide, [Pt(NH3)4 
(OH)Cl]Br2, are white crystalline powders. 

Hydroxo - bromo - tetrammino - platinic Nitrate, [Pt(NH3)4 
(0H)Br](N03)2, is prepared by treating a boiling solution of dibromo- 
tetrammino'platinic nitrate with silver nitrate. It is a pale yellow, 
sparingly soluble powder. 

The bromide, [Pt(NH3)4(OH)Br]Br2, is a pale yellow crystalline 
powder. 

The chloride, [Pt(NH3)4(OH)Br]Cl2, is a colourless crystalline powder. 
These and other salts of the series are obtained from the nitrate. 

Hydroxo - nitrato - tetrammino - platinic Nitrate, [Pt(NH.3)4 
(0H)(N03)](N03)2, is obtained by acting on tetrammino-platinous 
nitrate with concentrated nitric acid. The mixture is heated till 
oxides of nitrogen are no longer evolved, and the residue crystallised 
from boiling water. It may also be produced by prolonged boiling of 
di-iodo-tetrammino-platinic nitrate with a solution of silver nitrate. 
It crystallises in short colourless prisms which are sparingly soluble in 
cold water and in dilute nitric acid, and decompose on heating. 

A series of dihydroxo-tetrammino-jplatinic salts, [Pt(NH3)4(OH)2]R2, 
has been investigated by Carlgreen and Cleve.^ They are produced by 
oxidising tetrammino-platinous salt with hydrogen peroxide. 

Dihydroxo-tetrammino-platinic Chloride, [Pt(NH3)4(OH)2]Cl2, 
is prepared by the action of hydrogen peroxide on tetrammino-platinous 
chloride, or by decomposing the sulphate of the series with barium 
chloride. It crystallises in colourless monoclinic plates. 

Dihydroxo-tetrammino-platinic Bromide, lPt(NH3)4(OH)2]Br2, 
is obtained by treating the sulphate with barium bromide. It crystal- 
lises in short colourless prisms. 

The iodide, [Pt(NH3)4(OH)2]l2, is produced by the action of barium 
iodide on the sulphate, and crystallises in small hexagonal prisms. 

The nitrite, [Pt(NH3)4(0H)2](N02)2, is obtained from the chloride 
by the action of silver nitrite. It crystallises in needles which explode 
when heated. 

The nitrate, [Pt(NH3)4(0H)2](N03)2, is formed by decomposition 
of the sulphate with barium nitrate, or from tetrammino-] )lati nous 
nitrate by treating it with hydrogen peroxide. It crystallises in small 
flat rhombic plates and deeomposes explosively on heating. 

The sulphate, [Pt(NH3)4(0H)2]S04, is produced by oxidising 
tetrammino-platinous sulphate with hydrogen peroxide, or by the 
action of baryta on hydroxo-sulphato-tetrammino-platinic sulphate. 
The first method of preparation yields a hydrated form containing four 
molecules of water, which crystallises in long needles and is sparingly 
soluble in boiling water. The second method of preparation yields 
the anhydrous form, which crystallises in easily soluble prisms. It i§ 
^ Carlgreen and Cleve, Zeitsch, anorg. Chem., 1892, i, 65. 
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not possible to convert the anhydrous salt into the hydrated salt even 
on repeated crystallisation.^ 

The dihydroxo-salts show little tendency to form aquo-salts. Thus 
the chloride if mixed with hydrochloric acid 3 nelds Iwdroxo-aquo- 
tetrammino-platinic chloride, but the substance is so unstable that 
atmospheric moisture converts it quickly into the dihydroxo-chloride 
and hydrochloric acid.^ 

The hydroxide of the series, [Pt{NH3)4(OH)2](OH)2, is not known. 

4 . Triacido^riammmo-'platinic Salts, [Pt(NH3)3R3]R. 

These salts are obtained from the acido-triammino-platinous salts 
by oxidation. 

Trichloro-triammino-platinic Chloride, [Pt(NH3)3Cl3]Cl, is ob- 
tained by boiling nitrato-triammino-platinous nitrate with aqua-regia. 
It separates in shining leaflets of a yellow colour and is soluble in water. 

Dibromo-nitrato-triammino-platinic Nitrate, [Pt(NH3)3Br2 
(N03)]N03, separates as a golden-^’^ellow ciystalline powder, and is 
prepared by addition of bromine to bromo-triammino-platinous nitrate. 

Dihydroxo - nitrato -triammino - platinic Nitrate, [Pt(NH3)3 
(0H)2(N03)]N03, is formed by boiling a solution of the preceding com- 
pound with excess of silver nitrate. All the bromine is precipitated as 
silver bromide, and on evaporation of the hltrate colourless microscopic 
needles of the dihydroxo-compound separate. It is easily soluble in 
water. The triammino-series has not been very fully inv^estigated, 
and the compounds described have been mostly prepared by Cleve.^ 


5 . Tetracido-diammino- platinic Compounds, [Pt(NH3)2R4]. 

This series are non-electrolytes, all the acidic groups being wdthin 
the complex.^ Two isomeric series are known, one derived from 
m-diacido-diammino-platinum, and one from ^m 72 .s-diacido-diammino 
platinum. These are distinguished as platini-semi-diammino-compounds 
and platinammino-compounds respectively. A direct determination of 
the constitution of the two series has not yet been carried out, but from 
the structure of the two corresponding platinous compounds, from 
which the platinic derivatives may be obtained b\^ addition of halogen, 
it is reasonable to ascribe to the compound from m-diacido-diammino- 
]:)latinum the structure I., and to that derived from trans-dmddo- 
diammino-platinum the structure II. thus : 



I, 

Cis-. 


NHs 





li. 

Trans. 


Cl 


Compounds having configuration I. are orange in colour ; those with 
configuration II. are yellow. 

^ Werner, Ber., 1907, 40 , 4093. 

2 Cleve, Ofvers. K. Vet.-Akad. Fork., 1871, 28 , 175, 187. 

^ Werner and Miolati, Zeitsch. physifcal. CJiem., 1893, 12 , 54 ; 1894, 14 , 506. 



240 


the METAL-AMMINES. 


(a) Tetracido-eis-diammino-platinum Compounds. 

Tetrachloro-diammino-platinum, [Pt(NH3)2Cl J, is produced by 
treating ci^-dichloro-diammino-platinum with chlorine or by boiling it 
with aqua-regia. It may also be produced by the action of a concentrated 
aqueous solution of ammonium chloride on silver chloroplatinate. It 
crystallises in small orange-yellow plates which are soluble in water, and 
on treatment with sulphurous acid are reduced to the platinous compound. 

Tetrabromo-diammino-platinum, [Pt(NH3)2Br4], is prepared 
in the same manner by the action of bromine on dibromo-diammino- 
platinum suspended in water. It crystallises from warm water in 
microscopic orange-red plates which are sparingly soluble in water, but 
notwithstanding give an intense yellow solution. 

Tetra-iodo-diamminp-platinum, [Pt(NH 3 ) 2 l 4 ], is formed by 
adding an alcoholic solution of iodine to di-iodo-diammino-platinum. 
The substance separates in brilliant reddish-purple crystals. 

Dinitrito-dibromo-diammino-platinum, [Pt(NIl3)2Br2(N02)2l, 
is formed by the action of bromine on dinitrito-diammino-platinum. It 
crystallises in long orange-red needles which are sparingly soluble in water. 

(b) Tetracido-tranS'diammino-platinum Compounds. 

Tetrachloro-trans-diammino -platinum, [Pt(NIT3)2Cl4], is pre- 
pared by treating sfmm-dichloro-diammino-platinum suspended in 
boiling water with chlorine or aqua-regia, or a mixture of hydrochloric 
acid and potassium permanganate, till the liquid becomes yellow. On 
crystallisation from boiling water the sxibstance is obtained in lemon- 
yellow octahedra. It dissolves in warm aqueous ammonia, yielding 
trichloro-triammino-platinic chloride, and is not attacked by nitric 
acid or sulphuric acid. Ammonia is liberated from the compound on 
warming with sodium hydroxide, and silver nitrate only precipitatc^s 
chlorine from it on prolonged boiling.^ 

Dichloro-dinitrito-diammino - platinum, [Pt(NH3)2Cl2(N02)2|, 
is obtained as a soluble crystalline substance on warming a conceiitratc^d 
solution of dinitrato-nitrito-triammino-platinic nitrite, |Pt(NIl3)3 
(N03)2(N02)](N02), with excess of hydrochloric acid. 

Trichloro - nitrito - diammino - platinum, lPt(Nir3)2Ci3(N02) |, 
crystallises in small yellow leaflets which arc s])aringly soluble in cold watxu*. 

Tetrabromo-diammino-platinum, lPt(NIl3)2Br4], is fornu d })y 
adding bromine to ^ran 5 -dibromo-diammino-platiniim suspended ill 
water. It separates in small plates of yellow colour and is sparingly 
soluble in water. 

Dibromo-dinitrito-diammino-platinum, [Pt(Nn 3 ) 2 Br 2 (N() 2 ) 2 l, 
separates as a yellow crystalline powder when ^mm-dinitrito-dianinnno- 
platinum is mixed with bromine. It is sparingly solulilc in watc^r. 

Tetra-iodo-diammino-platinum, [Pt(NIl3)2lVJ, is obtained as 
an amorphous black powder when an alcoholic solution of iodine is 
mixed with imn^-di-iodo-diammino-platinum. 

6 . Pentacido-ammino-platinates, [Pt(NIT3)Il5'|M. 

The series is represented by the potassium salt and the tetrammiuo- 
platinous salt. 


1 Gerhardt, Compt. rend., 1850, 31 , 241, 
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Potassium Pentachloro - ammino - platinate, [Pt(NH 3 )Cl; 
K.H20^ is produced by treating potassium trichloro-ammino-platinitc 
[Pt(NPl3)Cl3]Iv, with chlorine. It separates in yellowish triclinic crystal; 

Tetrammino - platinous Pentachloro - ammino - platinatf 

[Pt (NH3 )Cl5] aPt (NH3 ) 4, crystallises in orange-red needles which ar 
sparingly soluble in water. The compound is unstable and decompose 
at ordinary temperature. It is produced by mixing solutions c 
tetrammino-platinic chloride and potassium*^ pentachloro -amminc 
platinate.^ 

The analogous pyridine compound, [Pt pyClgJK, potassium penta 
chloro-pyridino-platinate, has been prepared.^ It crystallises i 
silky yellow needles. Bromine acts upon the salt, with formation c 
the corresponding pentabromo-derivatives. 

A large number of complex platinum salts is known containin 
organic bases in place of ammonia. These are easily formed, and hav 
the same general characteristics as the ammines themselves. 

Some ammino -platinum compounds have been described containin 
two platinum atoms in the molecule. These should belong to the sam 
class of derivatives as the polynuclear cobalt-ammines and chrom; 
ammines, but so far they have not been fully investigated. 


C. Diplato -ammino -salts. 

When dichloro-diammino-platinum is boiled with sodium hydroxid 
no ammonia is liberated, and it is transformed into a greyish-whit 
insoluble powder of composition Pt2(NH3)2(NH2)2(OH)2. The con 
position and behaviour of the substance points to the followin 
constitution : — 

r .NH2... "1 

(NH3)Pt/ >Pt(NH3) . 

OH OH 


Hydrochloric, nitric, and sulphuric acids transform the powder into blac 
amorphous compounds containing acidic residues in place of tlie hydroxc 
groups.^ 

D. Diplati-ammino -salts. 

Cleve describes a series of compounds obtained by removal c 
hydrogen iodide from di-iodo-tetrammino-platinic salts thus : 


2[Pt(NH3)j2]P2 — 


/NHo. 

(NH3)3Pt/ >Pt(NH3)3 

i NH3/i 


R4+2HI. 


They are bright yellow crystalline salts, and on treatment with ammoni 
lose two molecules of the corresponding acid, being transformed into tli 
imino-derivative. 


(NH3)3Pt< 

i 


.NHv 




>Pt(NH 3)3 

i 


R2+2HII. 


These bodies are also yellow crystalline substances. 

1 Cossa, Gazzetta, 1890, 20 , 725; 1895, 25 , 505; Ber., 1890, 23 , 2503. 
^ Werner, Zeitsch. anorg. Cliem., 1896, 12 , 46. 

Cleve, Ojvers, K. Vet.-Alcad, Fork., 1870, 27 , 777 ; 1871, 28 , 175. 
VOL. X. 
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Di -iodo -hexammino -;u, -imino -diplatinic Salts , 

r /NH\ 

The iodide, (NH3)3Pt<^ yPt(NH3)3 

i \NH/ i J 

di-iodo-tetrammino-platinic iodide with ammonia. It crystallises in 
yellow microscopic plates. 

r /NH. 1 

The nitrate, (NHglaPt^ >Pt(NH3)3 (N03)2, is obtained by 

i \nh/ i 

■ treating a boiling solution of di-iodo-tetrammino-]>latinic nitrate with 
excess of ammonia. A crystalline precipitate is formed consisting of 
yellow octahedral crystals'. On treatment with hydrochloric acid it 
yields iodo-chloro-tetrammino-platinic chloride, and with nitric acid 
iodo -nitrato -tetrammino -jilati nie nitrate . ^ 

Di-iodo-hexammino-p, -amino -diplatinic Salts, 

(NH3)3Pt/ >Pt(NIl3)3 111,, 
i • NH/ i 


1 2, is produced by treating 


The iodide. 


/NHs.. 

{NH3)3Pt/ >Pt(NIl3)3 
Nil, 


I4, is in-cci|)itatcd on the 


addition of potassium iodide to the nitrate of the siu'ics, or from the 
imino-derivative by treatment with ammonia. 

/NH2-... 

(NH3)3Pt< >Pt{NIl3)3 


The sulphate. 


NH, 


(^^^<1)2' is a,n ainorplioiis 


yellow powder which is insoluble in water and is preeijiitatial from tlie 
nitrate of the series on the addition of sulphuric acid. 


The nitrate, 


/NH,..., 


(NC).j).j, is ])r()(lucc(l by 


(NH3)3Pt<r >Pt(Nri3)3 

i NH2/i 

treating the imino-compound with nitric acid. It crysia,llis(‘s IVoiu a. 
warm solution in orange jmsms which arc almost ins()ln})lc in cold wat(‘r. 
Ammonia reacts with the substance, rcgencratiiig tlu‘ imino-dia’i val iv(‘. 

Dibromo-hexammino-jLt-amino-diplatinic Nitrate, 


{NH3)3Pt< 

Br 


/NH2„ 
NH, 


>Pt(NIl3)3 


Br 


(NO3),, .211,0, 


is prepared from the corresponding imino-derivative, ])ro(luccd by the 
action of ammonia on dibromo-tetrammino-platinic nitrate, by tn'ating 
it with nitric acid. It crystallises in glistening yellow plates which 
are easily soluble in warm water. Silver nitrate does not precipilate 
bromine, and ammonia regenerates the imino-dc‘ri\-ati\'c. 

^ Jorgensen, J. prakt. Chem., 18S(i, 33, 4Hi). 
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The sulphate, (NH3)3Pt< 


s. --NHo 


^Pt(NH3)3 (804)2.21120, separates 


as a yellowish-white powder on the addition of sulphuric acid to the 
nitrate. 

The chloride separates in microscopic yellow needles on the addition 
of hydrochloric acid to the nitrate. 

A series of dihydroxo- derivatives is also known. These may be 




represented by the formula (NH3)3Pt<; ^Pt(NH3)3 ^^4* 

OH OH 

/NH2. n 

The nitrate, (NH3)3Pt<; ;>Pt(NH3)3 (N03)4.2H20, may be 

• • J 

OH OH 

prepared by boiling di-iodo-hexammino-/x-amino-diplatinic nitrate with 
a solution of silver nitrate. It is sparingly soluble in cold water. 

On boiling the compound with nitric acid it is transformed into the 

r /NH2-.. 1 

dinitrato-compound, (NH 3 ) 3Pt< >Pt (NH 3)3 (NO 3 ) 4.2PI oO . 

. - NH / . 


/NH2-., 


The chloride, j^(NPl3)3Pt<f ^Pt(NH3)3jCl4, is obtained from 
OH ^ OH 

the nitrate by precipitation with hydrochloric acid. It crystallises in 
sparingly soluble white needles.^’ ^ 


^ Cleve, Ofvers. K. Vct.-Akad. Fork., 1S70, 27, 777 ; 1871, 28, 175. 

- Moissan, Tmite da Chimia Minerah, 5, 849 (Masson, Paris, 1906). 
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thionate, 182. 

sulphate, 182. 

d- and 1- bromocaniphor sul- 

phonatc, 187. 

Erdmann’s salt, 163. 

Elavo-cobaltic salts, 155. 

Eusko salts. 182. 

Hcxamniino - /z - amino - diol - dicobaltic 
salts, 176. 

bromide, 176. 

chloride, 177. 

iodide, 176. 

nitrate, 177. 

— -cobaltic salts, 134. 

bromide, 135. 

carbonate, 136. 

chloride, 1, 5, 7, 14, 16, 132, 135. 

— — chlorojdatinate, 135. 

lliioridt^ 135. 

hydroxide, 135. 

iodide, 135. 

nitrate, 135. 

sulphate, 136. 

— . — tetranitrito-diainmino-eobaltab', 
164. 

hexol-irieobaltie bromide^, 180. 

c-hloihhs 180. 

dithionate, 181. 

— — - sulpliate, 180. 

— -/;-(linitro-ol-di(r(4)alti(! salts, 178. 

- ■ — e,hIorid(‘, 171). 

“ -//,"intro-diol-di(M)baltie salts, 178. 

- -triol-dieobaltie salts, 177, 170. 

- I)r(>inid(^, 178, 

etdoride, 178. 

— .sulpliate, 178, 180. 

I le.xa-Ii v<ir<»xylarnino-(:obaltie eldoridc*, 
136. 

— niti-aU;, 137. 

— - — .sulphate, 137. 

1 b'xaiiitrito-eobaltie, acid, 164. 
ilydroxo - acido - tetranimino - cobaltic. 
salts, 152. 

— ■ -a(|uo - dicthyleiicdiainiiio - cobaltic 
.salts, 142, 175, 

r/.s - Il yilroxo - aquo - dic'thyhmediamino - 
eolialtic broniid(\ 143. 

chloride, 143. 

dithionatci, 143, 175. 

n./nurv laa 


Cobaltic salts, trans-hydroxo-iiqiio-diethy- 
lenediamino cobaltic bromide, 143. . 
imm'-hydroxo - aquo - diethyleiiediamino- 
cobaltic chloride, 143. 

iodide, 143. 

Hy dro xo - aqu o - te trammino - c ob altic salts , 
142. 

chloride, 142. 

sulphate, 174. 

nitro - te tr am mino - cobaltic br o mide , 

152. 

chloride, 152. 

nitrate, 153. 

pentammino-cobaltic salts, 141. 

bromide, 142. 

chloride, 142. 

nitrate, 142. 

Isomerism in cobalt-animines, 130. 

polynuclear cobalt- ammines, 165. 

- due to asymmetric cobalt atom, 132, 

167. 

Iso -xantho- cobaltic salts, 144. 

Lutco -cobaltic salts, 134. 

Mononuclear cobalt-ammines, 134. 
Nitrato-aquo-hexammiiio-/4 - amino - ul- 
dicobaltic nitrate, 176. 

-tctrammino-cobaltic nitrate, 146. 

Nitro-ammino-dimctliylgly oxime cobalt, 
163. 

- -aquu-tetrammino-cobaltio salts, 149, 

152. 

- bromide, 149. 

clilorido, 149. 

- — nitrate, 149. 

- - biea.rl)onato - tetrainmino - cobidiic 

salts, 152. 

Nitrat(>-p(‘ntammIn()-col>altu5 salts, 145. 

' (•.hluride, 146. 

nitrate, 145, 162. 

- -purpureo-cobaltic salts, 145. 
Nitrito-pentammino-cobalt.ic; salts, 1 44. 
Nitro-pentainmino-eobaltic salts, 143. 

- ehlorid(‘, 144, 155. 

eoljalti-nitiite, 145. 

— Ihrrocyanide, 145. 

- nitrabe, 144. 

nitrite, 143. 

" - sulj)hat(', 144. 

()(d.a.mniino-//,-ainiiio-ol-dicobaltic salts, 

176. 

- - (!hloi‘id(‘, 171. 

- - cbloroplalinate, 172. 

- - - ■ niti*a4(*, 172, 176. 

Hulplh'ib^, 172. 

-j)eroX()-dicobaltic salts, 173. 

- - " nit.i‘a,t(‘, 17.3, 185. 

sul})hato, 173. 

- -sulpiiaio-dicobaltic })r()midc, 

172. 

— chloride, 172. 

- - nitrate, 172. 

- /f-diamitio-dicoba.lti(t salts, 175. 

- - - f)roini(l(i, 17(). 

- dit hionate, 175. 

- /i-diol-dicobaltic salts, 131, 166, 173. 

17a 
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Cobaltic salts, octammino-//,-diol-dicobaltic 
chloride, 174, 175. 

^ iodide, 174. 

nitrate, 174. 

sulphate, 174. 

— fz -imino - sulphato > dicobaltic chloride, 

172. 

Optical activity in polynuclear cobalt- 
ammines, 183. 

Oxalato-aquo-triammino-cobaltic nitrate, 
162. 

nitro-triammino-cobalt, 162. 

■ — -tetrammino -cobaltic salts, 158. 

bromide, 158. 

chloride, 158. 

oxalate, 158. 

sulphate, 158. 

Polynuclear cobalt- ammines, 164. 

— cobalt- ammines, classification of , 165. 

— eobalt-ammines, isomerism in, 165. 
Potassium cobalti-cyanide, 164. 

nitrite, 163, 164. 

oxalate, 164. 

— hexanitrito-cobaltate, 163. 

— penta-nitrito-ammino-cobaltate, 163. 

— tetranitrito-diammino-cobalt, 19, 160, 

163. 

Praseo-cobaltic chloride, 159. 
Purpureo-cobaltic chloride, 146. 
Sulphato-pentammino-cobaltic salts, 151. 

bromide, 23, 130, 151. 

Tctra - acido - diammino - cobaltic acid, 
163. 

— -cobalt series, 163. 

— -eobalt-ammines, 181. 

— - ethylenediamino - - amino - nitro - di - 

cobaltic salts, ISk 

bromide, 132, 167. 

1-, d-, and racemic Tetra-ethylene- 

diamino - fj, - amino - nitro - dicobaltic 
bromide, 183, 184. 

meso - Tetra - ethylenediamino - [i - amino - | 
nitro -dicobaltic bromide, 184. 

1- and d-Tetra-ethylcnediamiiio-/i-amino- 
nitro- dicobaltic iodide, 183, 184. 

dicobaltic d- 

bromocamphor suljfiionate, 183, 184. 
thiocyanate, 183, 

184. 

Tetraethylenediamino - /i - amino - ol - di- 
cobaltic iodide, 173. 

— peroxo- dicobaltic salts, 131, 

166. 

optical activity in, 185. 

d- and l-Tetraethylenediamino-/^-amino- 
peroxo- dicobaltic bromide, 185, 186. 
Paccmic 3;*etraethylenc diamino - - 

amino - peroxo - dicobaltic bromide, 
186. 

d- and 1-Tetracthylenediamino-^-amino- 
per 0X0 - dicobaltic bromosulphonate, 

185, 186. 

Tetraethylenediamino -/^- amino - peroxo- 
dicobaltic nitrate, 173. 
d-Tetraethylenediamino - [jl - amino-peroxo- 
dicobaltic nitrate, 185. 
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Cobaltic salts, tetraethylcnediamino-//-am- 
monium-peroxo-dicobaltie salts, 131. 
166. 

d-and i-tetraethylenediamiiio*//.-ammoni- 
um-peroxo- dicobaltic salts, 186. 

— — — — — — dithionate, 
186. 

Tetraetliylenediamino-/^-ammonium-per- 
0X0- dicobaltic nitrate, 173. 
diaquo-tetrol-cobalto-dicobaltic salts, 
179. 

chloride, 180. 

— chloroplatinate, 180. 

dithionate, ISO. 

iodide, 180. 

sulphate, 180. 

— /i-diol-dicobaltic salts, 175. 

bromide, 175. 

dithionate, 175. 

— -^-imino-peroxo-dicobaltic salts, 173, 

186. 

iodide, 173. 

d- and l-Tetraethylenediamino-/i-iniino- 
peroxo-dicobaitic iodide, 186. 
Triacido-triammino-cobalt, 160. 
Triammino-cobaltic nitrite, 8. 
Triaquo-triammino-cobaltic salts, 141. 

chloride, 141. 

nitrate, 141, 162. 

Trichloro-triammino-cobalt, 11. 
Tricobalt-ammines, 179. 
Triethylenediamino-cobaltic salts, 137. 

chloride, 137. 

hydroxide, 137. 

chromi-hexacyano- cobalt, 79. 

cobalti-hexacyano-chromium, 79. 

Trinitrato-triammino-cobalt, 160, 162. 
Trinitrito-triammino-cobalt, 23, 161. 
Trinitro-triammino-cobalt, 160, 162. 
Vortmann’s salt, 170. 

Xantho-cobaltic salts, 143. 

Cobaltous salts, ammino- derivatives of, 
132. 

Diammino-cobaltous chloride, 133. 

diammonium cobaltous molybdate, 

120 . 

Dihydroxylamino - cobaltous chloride, 
134. 

Hexammino-cobaltous bromide, 134. 

chloride, 132, 133. 

ehloroplatinite, 133. 

iodide, 134. 

nitrate, 132. 

sulphate, 133. 

Hydi'oxylamino-cobaltous sulphate, 133. 
Tetrammino-cobaltous chloride, 133. 
iodide, 134. 

Trihydrazino-cobaltous sulphate, 133. 
Complex ion, 2. 

Co-ordination complex, 8. 
number, 9. 
theory of valency, 6. 

Copper salts, ammino- derivatives of, 29. 
Cupric salts, derivatives of : 

Decammino-tricupric chloride, 32, 33. 
iodide, 34. 
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Cupric salts, diammino - cupric bromide, 
34. 

chloride, 32, 33. 

iodide, 34. 

sulphate, 29, 31. 

Dihydroxylamino-cupric sulphate, 31. 
Hexammino-cupric bromide, 33. 

chloride, 32. 

Monammino-cuprie sulphate, 29. 
Monohydroxylamino-cupric sulphate, 31. 
Penta - hydroxylamino - cupric sulphate, 
31. 

Pentammino-cupric chloride, 32. 

sulphate, 29, 30. 

Tetrammino-cupric chloride, 32, 33. 

iodide, 34. 

poly-iodide, 34. 

sulphate, 29. 

Cuprous salts, derivatives of : 

Biammino- cuprous bromide, 35. 
Hexammino-cuiDrous bromide, 35. 

chloride, 34. 

• iodide, 35, 

Monammino-cuprous chloride, 34. 
Schweizer’a reagent, 35. 
Tetrammino-cuprous sulphate, 31. 
Triammino-cuprous bromide, 35. 

chloride, 34, 35. 

iodide, 35. 

Cyclic or shell formula;, 11. 


Gold salts, ammino-derivatives of, 39. 
Diammino -aurous bromide, 40. 

chloride, 40. 

Dodecammino-aurous chloride, 39. 
Fulminating gold, 41. 

Gold chloride, explosive, 41. 
Hexammino-aurous iodide, 40. 
Monammino-aurous chloride, 40. 
iodide, 40. 

Potassium triammino-chloraurate, 41. 
Sesquiam mino - auric-hy droxide, 42. 
Tetrammino- auric nitrate, 42. 

sulphate nitrate, 42. 

phosx)hate, 42. ’ 

oxalate ])er chlorate, 42. 

Triammino-aurous chloride, 40. 


Indium salts, ammino-derivatives of, 59. 

Tripyridino-indiuin trichloride, 59. 

Iridic salts, ammino-derivatives of, 215, 
216. 

Dichloro- tetrammino -iridic chloride, 216. 

™ nitrate, 216. 

sulphate, 216. 

Iridium salts, ammino-derivatives of, 215. 
Iridium sesqui-salts, ammino-derivatives of, 
215, 216. 

Acido -pent ammino -iridium salts, 216, 
218. 

Ammonium tetrachloro - dipyridino - 
iridite, 224. 

Aquo-pentammino-iridium salts, 216, 


Iridium sesqui-salts, bromide, 218, 219. 

chloride, 218. 

chloroplatinate, 218. 

ferricyanide, 218. 

nitrate, 218. 

Bromo - pentammino - iridium bromide, 
219. 

nitrite, 219. 

sulphate, 220. 

Chloro - pentammino - iridium bromide, 

219. 

chloride, 217, 218. 

chloro -iridite, 219. 

dithionate, 219, 

hydroxide, 219. 

iodide, 219. 

nitrate, 2 19. 

oxalate, 219. 

sulphate, 219. 

Diacido-tetrammino-iridium salts, 217, 

220 . 

Dichloro - tetrammino - iridium bromide, 

222 . 

chloride, 221. 

chloro-iridite, 222. 

iodide, 222. 

sulphate, 221. 

Dinitrito - diethylenediamino - iridium 
bromide, 223. 

iodide, 223. 

nitrate, 223. 

perchlorate, 223. 

1- and d-Dinitrito-diethylenedi amino- 
iridium bromide, 223. 

(I . camphor sulphon- 

ate, 223. 

nitrate, 223. 

perchlorate, 223. 

Dinitrito-tetrammino-iridium bromide, 

221 . 

chloride, 220. 

iodide, 221. 

nitrite, 221. 

sulx)hatc, 221. 

Dioxalato - dipyridino - iridium com- 
pounds, 224. 

Hexammino-iridium salts, 21(>. 

bromide, 217. 

chloride, 217. 

chloro-iridite, 217. 

ferricyanide, 217. 

hydroxide, 217. 

iodide, 217. 

nitrate, 217. 

Hydroxo-pentammino-iridium salts, 216, 

220 . 

lodo-pcntammino-iridium iodide, 220. 

chloride, 220. 

iodide, 220. 

Nitrato-pentammino-iridium nitrate, 220. 

nitrite, 220. 

— sulphate, 220. 

Optical activity in ammino-derivatives 
of iridium salts, 224. 

Potassium dioxalato - dipyridino - iridite, 
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Iridium sesqui-salts,i3otassium pentachloro- 
] 3 yridino-iriclite, 224. 

- — tetrachloro-dipyridino-iridite, 224. 
Sodium iridio - tetra - nitrite - dichloride, 
220 . 

Triaeido-triammino -iridium compounds, 
217, 222. 

Trichloro-triammino-iridium, 222. 

tripyridino -iridium, 224. 

Triethylenediamino-iridium salts, 223. 

bromide, 223. 

1 - Triethylene diamino - iridium bromide, 
224. 

1 d-cami^hor nitronate, 223, 224. 

d iodide, 224. 

d nitrate, 224. 

d perchlorate, 224. 

Trinitri 1 0 - tr iammino -iridium ,222. 
Iridous salts, ammino-derivatives of, 215, 
216. 

Uichloro-diammino-iridium, 216. 
Dihydroxo-diammino-iridium, 216. 
Sulphate- diammino-iridium, 216. 
Tetrammino-iridous chloride, 216. 
Tetrammino-iridous sulphate, 216. 

Iron salts, ammino-derivatives of, 126. 
Uerric salts, ammino-derivatives of : 
Hexammino-ferric chloride, 127. 
Pentammino-ferric chloride, 127. 
Pyridino-tetrachloro-ferrate, 128. 
Tetrammino-ferric chloride, 127. 
Tetra-quinolino-/i-dichloro-octachloro- 
diferrate, 128. 

Tripyridino - trichloro > hexachloro - di - 
ferrate, 128. 

Iferrous salts, ammino-derivatives of : 
Biammino-ferrous bromide, 126. 

chloride, 126. 

iodide, 127. 

sulphate, 127. 

Dihydrazino-ferrous chloride, 127. 

oxalate, 127. 

Hexammino-ferrous bromide, 126. 

chloride, 126. 

iodide, 127. 

Monammino-ferrous bromide, 127, 

chloride, 126. 

Pcntammino-ferrous sulphate, 127. 
Tetrapyridino-ferrous chloride, 127. 

thiocyanate, 127. 

Tj-iammino -ferrous sulphate, 127. 
Tripyridino -ferrous chloride, 127. 

sulphate, 127. 

Isomerism, co-ordination, 79, 131, 166. 
position, 131, 166. 

— iiyclratc, 23, 79. 

— ionisation, 23, 79, 130. 

— polymerisation, 79, 130, 166. 

— stereo, 79, 131. 

— structure, 22. 

— valency, 80, 131, 166. 

Lead salts, ammino-derivatives of, 67. 
Diammino-lead dlbromide, 68. 

dichloride, 67. 

di-iodide, 68. 


Lead salts, diammino-lead tetraclilorid( 

dipyridino-lead dichloride, 67. 

di-iodide, 68. 

tetrachloride, 67. 

Monammino-lead dibromide, 08. 

dichloride, 67. 

di-iodide, 68. 

Octammino-lead dibromide, G8. 

dichloride, 67. 

Pyridino-lead dichloride, 67. 
Tetrammiho-lead tetrachloride, 67. 

; di-iodide, 68. 

Triammino-lead dibromide, 68. 
Trianilino-lead tetrachloride, 67. 
Tripyridino-lead di-iodide, 68. 
Lithium salts, ammino-derivatives of, - 
Diammino- lithium bromide, 43. 
chloride, 43. 

Lithium dioxalato- diammino-chromiu 
113. 

Monammino -lithium bromide, 43. 

chloride, 43. 

Tetrammino-lithium chloride, 43. 

chlorate, 43. 

nitrate, 43. 

perchlorate, 43. 

Triammino-lithium bromide, 43. 
chloride, 43. 

Magnesiitm salts, ammino-derivative 
45. 

Aquo-pentammino-magnesium clih 
45. 

Hexammino-magnesium chloride, 4^ 
Tetrammino -magnesium chloride, 4 
Tetraqu o - diaminino-magnesium sul j 
45. 

Triaquo-triammino-magnesium sul}; 
45. 

Magnesium chloride, hydrated, 9. 

— potassium chloride, 9. 
Manganese salts, ammino- derivative! 

123. 

Diammino-manganous bromide, 12! 

chloride, 123. 

iodide, 123. 

sulphate, 124. 

Bianilino-manganous chloride, 125. 
Bihydrazino-nianganous sulphate, ] 
Bihydroxylamino - manganous chi 

124. ‘ 

Bipyridino-manganous bromide, 12 

chloride, 124. 

nitrate, 125. 

— -manganese tetrachloride, 124. 

manganous thiocyanate, 125. 

Biquinolino-manganous chloride, L 
Hexammino-manganous bromide, 1 
chloride, 123. 

iodide, 123. 

sulphate, 124. 

Hexapyridino-manganous bromide, 
Hydroxylamino - manganous sul] 

125. 

Monammino-manganous chloride, 1 
Nonammino-manganous nitrate, L 
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Manganese salts, nonammino- manganous 
oxalate, 124. 

Pentammino -manganous iodide, 123. 
pentammino- manganous sulj)hate, 124. 
8esquiammino~nianganous fluoride, 123. 
Tetrammino -manganous sulphate, 124. 
Tetrapyridino-manganous thiocyanate, 
125. 

Trihydroxylamino - manganous carbon- 
ate, 125. 

Mercury salts, ammino-derivatives of, 52. 
Diammino-mercuric chloride, 53, 54. 
iodide, 54. 

Dihydrazino-mercurous nitrate, 52. 
Dodecammino-mercuric chloride, 53. 
Fusible precipitate, 54. 

Infusible precipitate, 54. 

Millon’s base, 55. 

Monammino -mercuric chloride, 53. 
Tetrammino-mercuric chloride, 53, 
Triammino-mercuric chloride, 53. 
Metal-ammines formation of, 22. 

isomerism of, 22. 

stability of, 20. 

Molecular formulae, 4. 

Molybdenum salts, ammino- derivatives of, 

120 . 

Decammino - dimolybdenum triammine 
trichloride, 120. 

Hiammino-cupric molybdate, 120. 

— -diammonium cadmium molybdate, 

120 . 

cobaltous molybdate, 120. 

cupric molybdate, 120. 

nickel molybdate, 120. 

Monammino- ammonium molybdenum 

dichloiide, 120. 

Neodymium salts, ammino-derivatives of, 
60. 

lliammino-neodymium cliloride, 01. 

B 0 de cammi no - nc (d dy m iu m c lih )i*ide , (50 . 
Monammino-neodymium chloride, 61. 
Oct amm i no -ne o dy mill m ('.hloric le, 6 1 . 
Peiitammino-noodymium chloride, (il . 
Teti’ammino-ncodynuum cliloride, ()l. 
Undecammino-neodymhim chloride, 61. 
Nickel salts, ammino-derivatives of, IS7. 
Diammino-nickcl bromide, 190. 

chloride, 189. 

iodide, 190. 

Dihydrazino-nickel chloride, 191. 
Hexammino-nickel bi’oinide, 1 89. 

chloride, 189. 

iodide, 190. 

mercuric iodide, 190. 

nitrate, 188. 

Hexammino-nickel perchlorate, 192. 
sulphate, 191. 

Hexahydroxylamino-nickel sulphate, 1 91. 
Pcntammino-nickel nitrite, 188. 

— -dinickcl sulphate, 191. 
Tetrammino-nickel iodide, 190. 

mercuric iodide, 190. 

nitrate, 187. 

^nitrite, 188. 


Nickel salts, tetrammino-nickel sulphate, 
191. 

Triammino-nickel chloride, 189. 
Trihydrazino -nickel chloride, 191. 

nitrate, 188. 

sulphate, 192. 

Osmium compounds, ammino - derivatives 
of, 214. 

Diammino-osmo-chloride, 214. 

hydroxide, 214. 

nitrate, 214. 

sulphate, 214. 

Tetrammino-osmyl chloride, 215. 

hydroxide, 214. 

nitrate, 215. 

oxalate, 215. 

sulphate, 215. 

Palladium salts, ammino-derivatives of, 
207. 

Pallado- diammines, 211. 

PaUados-ammines, 208. 

Carbonato-diammino-palladium, 209. 
Diacido - diammino - palladium com 
pounds, 208. 

Dibromo-diammino-palladium, 209. 

dipy ridino - iiallad iu m ,210. 

— -diquinolino- palladium, 210. 
Dichloro-diammino-iialladium, 208. 

— dibcnzylamino-palladium, 210. 

dihydroxylamino-palladium , 210. 

dipyridino- palladium, 210, 212. 

diquinoHno-palladium, 210. 

Diethylene dianiino - pallado u s bromide , 

212 . 

chloride, 212. 

Dihydroxo-diammino-palladium, 209. 
Di-iodo-diainmino-palladium, 209. 

Din it rate - dipy ridino - ] lallad i 1 1 rn , 210. 
Dipyridino-palladic cliloride, 212. 

cliloro-bromkh^, 212. 

iodo-chloride, 213. 

Sulphato-diammiuo-jialladium, 209. 
Tetrammiao-palladous salts, 208, 211. 

bromide, 211. 

bromo-palladite, 212. 

ehloride, 208, 211. 

e.hloi'o-pidhidate, 212. 

ehluro-pajla(lit(\ 212. 

hydroxide, 211. 

iodide, 209, 211. 

nitritu-palladite, 212. 

sulphate, 21 1 . 

Vaiiuelirts salt, 208. 

Platiiiic salts, ammino-derivatives o(’, 225, 

234. 

Aeido-jientaiinmino-jilatinic salts, 225, 

235. 

liromo-liydroxo-tetrammirio-platinic ni- 
trate, 237. 

Chloro - bromo - tetrammino - platiiiic 
chloride, 237. 

nitrate - tc; t ramnvi n o - platiiiic n it rate , 

237. 

sulphate, 237. 
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PJatinic salts, chloro-pentammino-platinic 
carbonate, 235. 

chloride, 235. 

nitrate, 235. 

Diacido-tetrammino-platinic salts, 225, 
236. 

Dibromo - dinitrito - cis - diammino - platin- 
um, 240. 

Dibromo - hexammino-/^-amino- diplatinic 
chloride, 243. 

nitrate, 242. 

sulphate, 243. 

nitrato - triammino - platinio nitrate, 

239. 

— -tetrammino-platinic bromide, 236. 
chloride, 236. 

nitrate, 237. 

sulphate, 237. 

Dichloro - dinitrito - trans- diammino - pla- 
tinum, 240. 

— -tetrammino-platinic bromide, 236. 

chloride, 236, 237. 

chloro-platinate, 236. 

chloro-platinite, 236. 

nitrate, 236, 237. 

sulphate, 236. 

Dihydroxo - hexammino - [X - amino - di- 
platinic salts, 243. 

chloride, 243. 

nitrate, 243. 

nitrato - triammino - platinic nitrate, 

239. 

— -tetrammino-xolatinic bromide, 238. 
chloride, 238, 

iodide, 238. 

nitrate, 238. 

nitrite, 238. 

sulphate, 238. 

Di-iodo - hexammino-//-amino - di^Jatinic 
salts, 242. 

iodide, 242, 

nitrate, 242. 

sulx)hate, 242. 

^-imino-dix)latinic salts, 242. 

iodide, 242. 

nitrate, 242, 

— tctraminino-xdatinic iodide, 237. 

nitrate, 237, 238, 242. 

sulphate, 237. 

Dinitrato - iicxammino - /i - amino - di- 
platinic nitrate, 243. 

— tctrammino-xdatinic chloride, 237. 
Dinitrito - dibromo - cis - diammino - pla- 
tinum, 240. 

Dii)lati*ammino-salts, 226, 241. 
DrechscFs base, 225, 234. 
Hcxammino-i)latinic salts, 225, 234. 

carbonate, 234. 

chloride, 234. 

hydroxide, 234. 

nitrate, 235. 

sulj)hatc, 234. 

Hydroxo - aquo - tetrammino - xdatinic 
chloride, 239. 

— -bromo-tetrammino'platinic bromide, 

238. 


25f 

Platinic salts, hydroxo-bromo-tetrammino- 
platinic chloride, 238. 

nitrate, 238. 

chloro-tetrammino-platinic bromide, 

238. 

carbonate, 238. 

chloride, 238. 

nitrate, 237. 

nitrato -tetrammino -platinic nitrate, 

238. 

pentammino -platinic carbonate, 235. 

chloride, 235. 

nitrate, 235. 

— -sulphato - tetrammino - platinic sul- 

phate, 238. 

Nitrate of Baewsky, 237. 
Penta-acido-ammino-platinic salts, 226, 
240. 

Platinic ammines, 234. 

Platinic semi-diammine compounds, 226. 
Platini- diammine compounds, 225. 

monodiammine comx)ounds, 225. 

semi-ammine comj)ounds, 226. 

Potassium pentachloro-ammino-xdatin- 
ate, 241. 

-pyridino-platinate, 241. 

Tetra - acido - diammino - platinum com- 
240. 

— -bromo-cw-diammino-platinum, 240. 
chloro-czs- diammino -platinum, 240. 

— -iodo-cu'-diammino-xdatinum, 240. 

bromo - trans - diammino - platinum, 

240. 

— -chloro - trans - diammino - platinum, 

240. 

— -iodo-^m/w-diammino-idatinum, 240. 
Trichloro - triammino - platinic chloride, 

239. 

— -nitrite - trans - diammino - platinum, 

240. 

Platinous salts, ammino-derivatives of, 225, 
226. 

Acido - triammino - platinous salts, 225, 

231. 

Ammonium trichloro-ammino-xdatinite, 
234. 

Aquo-triammiiKj-platinous salts, 230. 

bromo-piatinito, 230. 

chloro-platinite, 230. 

Bromo - triammino - platinous bromo- 
I)latinite, 230. 

s- Chloro - sulphite - diammino - platinum, 

233. 

Ghloro-triammino-xdatinous chloridc,231, 

234. 

sulphate, 232. 

Cleve’s salts, 230, 231. 
Diacido-diammino-platinous salts, 225, 

232. 

Diammino -dihydrazino - x)latinous chlor- 
ide, 230. 

dipyridino-jdatinous salts, 227. 

c^s-Diammino - dihydroxylamino - xdatin- 
ous chloride, 229. 

-dipyridino-x^latinous chloride, 228. 

cis*-Dibromo-diammino-platinum, 233. 
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Platinous salts, dichloro-diammino-platiii- 
um, 229, 231, 233, 235. 

— -Di-iodo-diammino-platinuin, 233. 

— -Dinitrato-diammino -platinum, 233. 
^raw5-Diammino-diliydroxylamino-platm- 

ous chloride, 229. 

-dipyridino -platinous chloride, 228. 

— -Dibromo-diammino-platinum, 232. 
Dichloro - diammino - platinum, 229, 

232, 234, 240. 

Dihroxo-diammino-platinum, 233. 

— -Di-iodo-diammino-platinum, 232. 

— -Dinitrato-diammino -platinum, 232. 
Diammino - 1-propylenediamino - platin- 
ous chloride, 229. 

Dichloro - propylene diamino - platinum, 
229. . 

Dipropylenediamino-platinous bromide, 
228. 

chloride, 228. 

hydroxide, 228, 

Diplato-ammino- salts, 226. 
Ethylenediamino - l-propylenediamino - 
platinous chloride, 229. 

Magnus green salt, 225, 226. 
Methylenediamino - 1 - propyleiiediamino- 
platinous chloride, 229. 

Optical activity in ammino-piatinum 
compounds, 229. 

Plato- diammine salts, 225. 

monodiammine salts, 225. 

Platos-ammine compounds, 225. 
Plato-semi-ammine compounds, 225. 

diammine compounds, 225. 

Potassium chloro-platinite, 234. 

— trichloro-ammino-platinite, 233, 234, 

241. 

Propylenediamino - diammino - platinous 
chloride, 228. 

{Silver trichloro-ammino-platinite, 234. 
Sulphato-diammino-platinum, 233. 
Tetrammino-platinous bromide, 227. 

carbonate, 227. 

chloride, 226, 232, 233,- 234, 235. 

chloroplatinate, 227. 

chloroplatinite, 226, 231. 

hydroxide, 227, 230. 

iodide, 227, 232. 

nitrate, 227, 238. 

nitrite, 227. 

pentachloro-aminino -platiiiatc,24 1. 

sesquicarbonate, 227. 

sulphate, 227. 

Tetrahydroxylamino -platinous hydrox- 
ide, 230. 

Trihydroxylamino - platinous chloride, 
229. 

Platinum salts, ammino - derivatives of, 
225. 

Praesodymium salts, ammino -derivatives 
of, 61. 


Rhodium salts, acido-peiitammiiio-rhodium 
salts, 201, 204. 

Acpio-pentammino-rhodium salts, 201, 
206. 

bromide, 207. 

chloride, 204, 207. 

hydroxide, 204, 205. 

nitrate chloroxdatinate, 207. 

nitrate, 206. 

sulpliate, 207. 

Roseo-rhodium salts, 201. 

Bromo - pentammino - rhodium bromide, 

205. 

— hydroxide, 205. 

Chloro - pentammino - rhodium chloride, 

201, 204, 205. 

hydroxide, 201, 204. 

nitrate, 205. 

sulphate, 205. 

Dichloro-tetrapyridino-rhodium bromide, 
207. 

chloride, 207. 

chloroplatinate, 207. 

hydroxid'e, 207. 

nitrate, 207. 

sulphate, 207. 

Hexammino-rhodium salts, 201. 

bromide, 202. 

chloride, 201. 

hydroxide, 202. 

nitrate, 202. 

sodium pyrophosphate, 202. 

sulphate, 202. 

lodo-pentammino -rhodium chloride, 205. 

iodide, 205. 

• nitrate, 205. 

sulphate, 205. 

Luteo-rhodium salts, 201. 

Nitrato - pentammino - rhodium chloride , 

206, 207. 

dithionato, 206. 

nitrate, 206. 

Nitrite - pentammino - rho diiim bromide, 
206. 

chloride, 206, 

chloroplatinate, 206. 

hydroxide, 206. 

nitrate, 205. 

sulphate, 206. 

Purjmreo -rhodium salts, 201. 

Triethylene diamino - rhodium chloride, 

202, 203. 

1-Trie thy lenc diamino - rhodium d-cam- 
phor nitronate, 203. 

1- and d-Triethylenediamino - rlnMium 
chloride, 203, 204. 

d- chloride tartrate, 204. 

iodide, 203. 

Triethylene diamino -rhodium thiocyan- 
ate, 203. 

Ruthenium salts, ammino -derivatives of. 
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Ruthenium salts, ammonium clioxalato- 
nitroso - j)yridino -ruthenate, 20 1 . 

— nitroso - pentachloro - ruthenate, 195, 

196. 

Aqiio - nitroso - tetrammino - ruthenium 
salts, 199. 

bromide, 198, 199. 

chloride, 196, 200. 

nitrate, 196, 200. 

Bromo - nitroso - tetrammino - rutlieniiim 
bromide, 198. 

iodide, 198. 

nitrate, 198. 

sulphate, 198. 

Chloro - nitroso - tetrammino - ruthenium 
chloride, 197, 199, 200. 

chloroplatinate, 197. 

iodide, 197. 

nitrate, 198. 

Diacido - nitroso - tetrammino - ruthenium 
salts, 195, 199. 

Heptammino- diruthenium bromide, 193. 
chloride, 193, 

— ^ — hydroxy- chloride, 193. 

iodide, 193. 

Hydroxo - nitroso”- diethylenediamino - 
ruthenium salts, 194, 197. 

bromide, 197. 

chloride, 197. 

iodide, 197. 

nitrate, 197. 

-tetrammino-ruthenium salts, 194, 

195. 

bromide, 195. 

chloride, 196, 200. 

hydroxide, 196. 

iodide, 195. 

nitrate, 196. 

sulphate, 196. 

Nitrate -nitroso - tetrammino - ruthenium 
salts, 198. 

N itr oso - py ridino - dichlor o - hydroxo- ru - 
thenium, 200, 

trihydroxo - diammiiio - ruthenium, 

196. 

Optical activity in ammirio-ruthenium 
salts, 201. 

Potassium dioxalato- nitroso - py ridino - 
ruthenate, 200. 

— nitroso - pentachloro - ruthenate, 195, 

200. 

— tetrachloro - nitroso - pyridino - ruthen- 

ate, 200. 

Rutlicnium nitroso-animonium com- 
pounds. 194. 

fSulphato - nitroso - tetrammino - rutheni- 
um sulphate, 199. 

Salts, simple, 2. 

— double, 2. 

— complex, 2. 

tSamarium salts, ammino-derivatives of, 

61. 

Diammino- samarium chloride, 61. 
Monammino- samarium chloride, 61. 
Octammino- samarium chloride, 61. 


Samarium salts, pentammino - samarium 
chloride, 61. 

Tetrammino -samarium chloride, 61. 
Triammino- samarium chloride, 61. 
Tripyridino-samarium chloride, 61. 

Silver salts, ammino-derivatives of, 36. 
Diammino- silver chloride, 37. 

nitrate, 38, 39. 

Hexammino-silver iodide, 38. 
Monammino-silver bromide, 38. 

chloride, 37. 

iodide, 38. 

Sesqui-ammino- silver bromide, 38. 

chloride, 36. 

iodide, 38. 

Triammino -silver bromide, 37. 

chloride, 36. 

iodide, 38. 

nitrate, 38, 39. 

Sodium-salts, ammino-derivatives of, 43. 

Pentammino-sodiiim chloride, 43. 
Stereo-isomerism, 24. 

Strontium salts, ammino-derivatives of, 
46. 

DiamminO'Strontium bromide, 46. 

iodide, 46. 

Hexammino-strontium iodide, 46. 
Monammino -strontium bromide, 46. 

chloride, 46. 

iodide, 46. 

Octammino -strontium bromide, 46. 

chloride, 46. 

: iodide, 46. 

Thallium salts, ammino-derivatives of, 60. 
Triammino -thallic bromide, 60. 

chloride, 60. 

— -thallous bromide, 60. 

chloride, 60. 

Tripyridino-thallic bromide, 60. 

chloride, 60. - 

iodide, 60. 

Thorium salts, ammino- derivatives, of, 64. 
Heptammino -thorium chloride, 64. 
Hexammino -thorium chloride, 64. 
Tetrammino -thorium chloride, 64. 

Tin salts, ammino-derivatives of, 65. 

Stannic salts, ammino-derivatives of : 
Diammino-stannic fluoride, 65. 
Dianilino- stannic bromide, 67. 
Dipyridino-stannic iodide, 67. 
Diquinolino- stannic iodide, 67. 
Monammino -stannic fluoride, 65. 
Octammino -stannic iodide, 66. 
Tetrammino -stannic chloride, 65. 
Tetra-anilino-stannic bromide, 67. 
Stannous salts, ammino-derivatives of : 
Diammino-stannous bromide, 66. 

chloride, 65. 

iodide, 66. 

Monammino -stannous cliloride, 65. 
iodide, 66. 

Nonammino-stannous bromide, 66. 
Pentammino-stannous bromide, 66. 
iodide, 66. 

Triammino -stannous bromide, 66. 
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Tin salts — stannous salts, triammino-stan- 
nous iodide, 66. 

Titanium salts, ammino-derivatives of, 62. 
Hexammino-titanic chloride, 62. 
Octammino-titanic bronodde, 63. 

chloride, 62. 

Pyridino-bromo-titanic acid, 63. 

chloro -titanic acid, 63. 

Titanium tetramide, 63. 

Tungsten salts, ammino-derivatives of, 120. 
Semi-ammino-tungsten oxytetrafluoride, 
120 . 

Uranium salts, ammino-derivatives of, 121. 
Diammino-uranyl bromide, 122. 

chloride, 122. 

nitrate, 121. 

Tetrammino-uranyl bromide, 122. 

chloride, 122. 

nitrate, 121. 

Triammino-uranyl bromide, 122. 

chloride, 122. 

nitrate, 121. 

Tripyridino-uranyl nitrate, 122. 

yttrium chloride, 61. 

Valency, 6. 

— modern conception of, 12. 


Zinc salts, ammino-derivatives of, 47. 
Diammino-zinc bromide, 48. 

chloride, 48. 

sulphate, 49. 

sulphite, 49. 

Hexammino-zinc chloride, 48 

iodide, 49. 

nitrate, 49. 

Monammino-zinc chloride, 47. 

sulphite, 49. 

Pentammino-zinc chloride, 48. 

iodide, 49. 

sulphate, 49. 

Tetrammino-zinc chloride, 48. 

iodide, 49. 

nitrate, 49. 

sulphate, 49. 

Triammino-zinc sulphite, 49. 

Zirconium salts, ammino-derivatives of, 63. 
Ammino-zirconium tetrafluoride, 63. 
Becammino-zirconium tetrabromide, 64. 
Biammino-zirconium tetrachloride, 63. 
Heptammino-zirconium tetra-iodide, 64. 
Hexammino-zirconium tetra-iodide, 64. 
Octammino-zirconium tetrachloride, 63. 

tetra-iodide, 64. 

Tetrammino-zirconium tetrachloride, 63. 
Triammino -zirconium tetrachloride, 64. 
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